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PREFACE TO PART I. 



The object of the author in compiling thia book has been not only to provide the 
student and working chemist with a comprehensive dictionary of quantitative processes, 
but to call the attention of the chemical fraternily to the question of (he possibility of 
presenting this branch of chemical art in i more serviceable and minageable form thau 
has been c if-tomaiy hitherto ITie experiment is certatr ly woi th the ti vmg whether a 
definite system of Jdssityiiig substances in -ilphtbeti dorler ani if referiing eai,h and 
every process to the iundamental feet oi pn icple upou which it depends will not 
greath facilitate both the stulj and the j lactice of ■inalv is 

The difficulty of perfecting Uie first elition of a woik of this kii d will be minifest 
to all The luthor has consequeatiy no apology to ofiei fir the manifold shut com- 
ings ol his book He wishes it to be understooi distinctly that he h\s copied freely 
from thL Iliulbooks of Rose Fiesenius Berzelius and PCift fiom the Hand T^erter- 
buch der Chemie, and trom the Dictionary ot Watts. It is to be remarked, in that con- 
nection, that the similarity of wording in the descriptions of analytical processes in 
these various treatises is often so close that it would frequently be very difficult to 
determine precisely where credit should be accorded, or to judge how much credit 
should be given to each author. It is evident that in a subject which depends so nearly 
upon the precise statement of details, no compiler would be likely to depart far from 
the original description, as set forth by the inventor of a process. A good illustration 
of this inevitable tendency to repetition may be seen in the similarity of PfafTs, Rose's 
and Fresenius's descriptions of Berzelius & Hisinger's process depending npon the 
insolubility of succinate of iron. References are given in all cases where matter has 
been taken from the journals and other original sources. ■ 

The manuscript of Part I. was completed, as now printed, in June, 1869. Nothing 
has been added to it, whether as regards matter or arrangement, from either of the 
treatises which have been published since that date, excepting the description, under 
Carbonate of Calcium, of Prof. Lawrence Smith's process for estimating alkalies, — copied 
from Prof. Johnson's edition of Fresenius's Quantitative Analysis, New York, 1870. 

]t is noteworthy that the tendency of all the works recently published on quantita- 
tive analysis is towards condensation and abbreviation, while the aim of the present 
book is to show that perspicuity c;in be best gained by amplification, if need be, and 
methodical arrangement. The author believes that the interests of chemists and of 
ehemica! students alike demand two kinds of boolts upon quantitative analysis. The 
one kind looking to completeness in all directions, while the other is given over either 
to specific instruction, or to the discussion of special applications of analysis in some 
one of the various departments of Chemistry. 

It is not only important that the analyst should have a dictionary of all known 
methods, from which to choose the one which seems best to fulfil the conditions and 
requirements of any new problem which may come before him, but there will always 
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be needed books or tables devoted to schemea for illustrating the various kinds of analy- 
ses which are likely to occur Id practice. Such, for example, as the works of Wolff 
and Caldwell, la the department of agricultural chemistry ; or, in its day, the Haadbuch 
of Pfeff, in the branch of mineral analysis. But if we were once in possession of a 
General Eucyclopiedia, covering the entire field of analysis, it virould be easy to draw 
up long lists of these special schemes in very few words. For example : — 

A residual product from some of the chemical works at Stasafurt, in Germany, sent into 
commerce to be sold as a fertilizer, conf^ns the sulphates of potassium, magnesium and cal- 
cium; the chlorides of potassium, sodium and magnesium; and a quantity of oxide of iron, 
magijesia and sand, insoluble in water. But the commercial value or any given sample of the 
substance depends upon the proportion of potassium which is contained in it. 

Several metliods liave been emplcyed for estimating the potassium, — after tie matters insol- 
uble in water have been got rid of by filtration. They might be briefly described as follows: — 

A. Remove the SOj with BaClj. as Sulphate of Barium; the Mg with BaO, H.O, as Hy- 
drate of Magnesium; the Ca and excess of Ba with (NH4)50, COj, as Carbonate of Barium, 
and estimate tlie R as Chloride and Chloroplatinate of Potassium. 

B. Remove SOg by means of BaClj, as Sulphate of Barium, decompose the Chloride of 
Magnesium with oxalic acid, and separate Mg as Oxide of Magnesium. Determine K as 
Chloroplatinate of Potassium. 

C. Remove the SOa with BaClj, as Sulphate of Barium ; the Ba, Ca and Mg with Na^O, 
CO3, as Carhonate of Barium, etc. Acidulate the filtrate with HCl and estimate K as Chlor- 
ide and CUoroplalJnate of Potassium. 

D. Eemove the SO3 with BaCI,, as Sulphate of Barium, and estimate K in the filtrate as 
Chloroplatinate of Potassium (Stohmann's process). 

The author of any such tables would ot' course give reasons why and when either of the 
processes would be preferred to the others. 

In the appendix to the present work, a few examples for students' practice will be given in 
this sense. 

N. B. All temperatures are given in degrees of the Centigrade thermometer, — ex- 
cepting whea otherwise expressly stated. 

In the references to authorities, the larger figures indicate the volume, and the smaller 
figures the page, of the journal or work alluded to ; single figures ia parentheses ( ) 
denote tlie number of the series of the journal. 

The names of authors who have labored in concert are connected by the character 
S^, — not by and. 

To avoid the repeated printing of unnecessary words, cross references are indicated 
by printing in capitals the initial letters of the names of the substances referred to. 
Thus, on page 5, column 1, line 25, the capital initials in the words Oxide of Aluminum 
indicate th it the articli. Oxide of Aluminu.m must be consulted, and that further in- 
formation will be touod under that head. 

The nam(.s ot rare elemeats have been omitted from this edition simply from lack of 
time to deil with them 

In ordci that the s ze and cost of the book might be kept vrithin reasonable bounds, 
it has been thought best to exclude from it all figures of apparatus. The descriptions 
of unusual torms of apparatus have, however, been given in minute detail, aud, in case 
of having to use anj of this apparatus, the reader will do well to draw rough figures of 
it for himself with pen or peacil, — following the printed description, step by step. It 
is believed that it the descriptions be dealt with in this way, no great dilHculty will be 
found in compiehending them, or in choosing that one among several processes which 
is Best suited to the w ints of the operator. 

All ordinary implements and apparatus will be best understood fi'om the descriptions 
^ven in works devoted specially to chemical mauipulation. 



Ml, JuIj/, 1670. 
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A CTCLOPyEDIA 



QDANTITATIVE CUEMICAL ANALYSIS. 



Acetic Acid. 

Principle I. Power of neutralising allialinc 
solutions. 

Applications. Estimation of free acetic acid 
in vinegar, pyrolieneoiis acid and other aque- 
ous solutions. (Method A)> DeterminalJon 
of acetic acid in certain acetates from which 
caustic soda precipitates insoluble hydrates or 
oxides. (Method B). 

Method A. A weighed or measured Quantity 
(10 grms. of vinegar will be enough m most 
cases) of the solution to he examined is red- 
dened slightly witli litmus, and then treated 
with test-altali until the whole of liie acid is 
neutralized and the color of the litmus changed 
to blue. (See Acidimetry). 

A solution of caustic soda is uaually em- 
ployed as the lest-alkali, though solutions of 
carbonate of sodium were formerly much used. 
GreviUe Williams (Pftann. Jourfi. Tnais-i 1854. 
13. 594), has urged that a standard solution 
of lime in sugar water is to be preferred to 
soda, and Otto (in his Lehrhuch der Essigfabri- 
kation, 1857, p. 77) has shown that dilute am- 
monia water may sometimes he employed with 
advanti^e. Other test-liquors are employed 
in particular cases, as will be described below. 

The teat-alkali is added to the acid under 
examination until the color of the litmus ap- 
pears distinctly blue, or until a drop of the 
alkaline lujuor is no longer seen to form a blue 
spot when it fells int« the colored liquid. 

It has been objected to the use of soda or 
of potadi in estimating acetic acid, that the 
process must be inaccurate, since the normal 
acetates of the alkali metaJs themselves exhibit 
a slight alkaline reaction with litmus, or, at all 
events, change the color of litmus to violet. 
But as Otto {Animl. Chem. ■und Pharm., 1857, 
102. 71) has shown, the error from (his source 



is of but littie significanice. It was fouhd not 
to exceed one-tentii of one per cent in determ- 
inations made with solutions containing ten 
per cent of the monobydrated acid, and is 
usually even smaller than ttiis, since a ^ight 
excess of test-alfcali is almost always added to 
the solution under examination. This source 
of inaccuracy may practically be eliminated 
by using a standard soda solution, the value 
of which has been determined beforehand by 
means of pure acetic acid. To prepare such a 
solution, measure off a determined quantity of 
standard sulphuric acid , mix it ivith a moder- 
ate excess of acetate of sodium, and determine 
how much of tiie standard soda solution Is re- 
quired to neutralize the acid mixture. By 
o^eratin^ with, a soda solution, whose power 
of changing red litmus to blue in presence of 
-"'-'■- of sodium has been tiius determined 



empirically, the danger of 
kaline reaction of the- aceta 
measure avoided. 

According to Merz (Jo 
101. 301), it is well to usi 
meric instead of litmus as 
acetate of sodium has n 



r from the al- 
! may be in great 

■n, praLi, Chem., 

the indicator; for 



action upon the color 
Enough of the turmeric solution 
is mixed with the acid to be tested to color it 
bright yellow ; the liquid is healed nearly to 
boiling, and the soda solution stirred in rapidly 
when the color of the yellow 

Greville Williams, the best 
ise with soda altogether, and 
! place a solution of lime in 
e Acidimetry); for acetate of 
nearly so much power to dis- 
of acids upon litmus as the 
acetaces of sodium and potassium have, (o say 
nothing of the advantage which the. lime solu- 
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liquid changes 
According b 
way is to dispi 
Tto employ in i! 
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2 ACETIC ACID. 

tion necessarily possesses, in being at dl times alkaline, although no precipitate has been seen 

free from carbooic acid. For ordinary rapid to form in it. Mohr direots that the beaker 

work ia testing vin^ars, Williams finds that which contains the diluted vinegar be placed 

the process maybe fiiUy relied on to one-fourth on a black ground, and that the operator, 

of one per cent. while stirring the liquid, should look into it 

In testing crude pyroligneous acid, or highly from above. ^ Another method, somewhat 

colored vint^ar, the color of the litmus added related to that of Eieffer, is to use a copper 

to the liquid is so much obscured towards the salt as the indicator inatead of litmns. A tew 

close of the operation by the impurities with drops of a solution of pure sulphate of copper 

which the acid is charged, that the exact pcant are added to the Tinegar, and a standard s<Su- 

of neutralization cannot be determined by tion of soda is poured into the mixture until 

mere inspection of the liquid. It is necessary, the moment when a laiot persistent cloudiness, 

as the ^oint of saturation approaches, to test due to preci]iitated hydrate of copper, appears 

the liquid with Htmua paper. To this end, in the hquid. The point of saturation may be 

after each fresh addition of the alkali, the readily hit in this way in vinegars which are 

point of the glass rod used fOT stirring is drawn transparent and free from suspended matters, 

across a narrow sheet trf" litmus paper, and eren though they be somewhat colored, 

from the color of the mark thus formed, the Jnstead of the processes abore referred to, 

progress of the neutral! zatioa is interred, which are of comparatively recent invention, 

When the paper ceases la be reddened by vinegar makere have long been accustomed to 

the liquid, the operation is finished. For some determine the strength , of th^r products by 

eyes turmeric paper may be advantageously means of carbonate of sodium or carbonate of 

substituted for the litmus paper. A brown potassium. According to Otto, the method ttf 

spot or ring will form upon the yellow paper as procedure is as follows; — Select a suitable num- 

Hoon as the acid has all been neutralized and ber of clear, transparent, non-effloresced crys- 

the slightest excess of free alkali ia present in tals of hydrated carbonate of sodium, ruh 

tjie liquid. , them to coarse powder in a mortar, and pre- 

In the case of vin^ars so highly colored serve the powder in a tightly stoppered bottle, 

that the point of neutralization cannot be sat- W^gh out in a capacious uask or beaker Mty 

isfactoiily determined even with litmus paper, grms. (custom prescribes 2 Troy ounces ^= 9S0 

the (ffoportion of acetic acid may be found, grains) of the vinegar to be tested, and add 

according tJi Carl Mohr, as Ibllows:- — Boil a to it a couple of drops of a solution of htm,u3. 

measured sample of the vinegar with a weighed Set the flask in an inclined position upon a 

excess of carbonate of barium until no more wire gauze support and heat it moderately 

carbonic acid is given off. Separate the dark with a lamp. Put SO or 40 grms. (or about a 

colored, soluble acetate of barium by filtration; Troy ounce) of the powdered carbonate of 

throw the moist filter, with its contents of car- sodium in a weighing tube and counterpoise 

bonale of barium into a beaker, and pour upon the tube with its contents upon a balonue 

it a measm-ed volume of standard nitric acid, By means of a small spoon or spatula, take 

more than sufhcient to dissolve the whole of portions of the carbonate of sodium fiom the 

the carbonate. Finally determine the free wraghing tube and carefully throw them into 

nitric acid with a standard solution of soda, the warm vinegar in the flask until the red 

and calculate the proportion of acetic acid colorof the vin^ar is changed to blue When 

from the quantity d' carbonate of barium the point of neutralization has been ri.a(hed, 

vfhich the nitric acid dissolved. The process replace the v»eighing tube with the unused 

is evidently liable to error, inasmuch as acetic portion of its contents upon the balance, and 

acid is readily volatile at the temperature of by adding weights to make good the loss, de- 
boiling. . . termine how much of the carbonate has been 

F. Mohr (3'i(nraie(ft(>t/e,1855,p. se2jeliums required to eifect the neutralization. The 

to have obt^ned good results in estimating quantity of acetic acid in the solution tested is 

acetic acid by means of the standard solution readily obtained by the following proportion ; — 

of ammonio-sulphate of copper, proposed by j,^ „tof 

Kieffer (see Acidimetrj), as a substitute for MoUo,tew«shi ».i|h.^ ^^^^mj;^ , a^u. 

test-alk^ In using tins solution, however, Kn,cOa + ioHjO Acciie o=bi ^ a'"""! 

the acetic acid must be so h^hly diluted that ■^ _ ™''^ 

a precipitate shall form immediately, from the The molecular weight of acetic acid in the 

very first, at the point where the teat solution second term, of the proportion may be derived 

comes in contact with the acid liquor. The either from the formula CjHgO (anhydrous 

close of the operatbn will be indicated by the acetic acid), or CjILOj (monohydrated acetic 

fact that the precipitate ceases to redissolve acid), according as the strer^h of the sample 

when stirred. Unless the acid be very dilute, is to be expressed in terms of anhydrous or of 

conwderable quantities of the sub-salt of cop- hydrated acid. In practice, the strength of 

per will remain dissolved in tiie acetate of acetic acid is stated sometimes in one way, and 

copper which forms. It may even happen that sometimes in the other. In case 2 ounces = 

thesolution of acetic acid can be made strongly 9S0 grains of vinegar, are taken, every 27 



yGoogle 



ACETIC ACID. 8 

grains f rv ttdliz d a b nate f Bod m. re- any dm^sti For a description of a grad- 

quired tolit tl fnwil p enl uated inafmment speeiaJly devised for tlie use 
one p tfld lorof vinecar makers, in ■wMch vinegar may be 

every 2 b s aiu » P t f th m no- neutralized witli standard ammonia water, 

hydrated acid, see Otto's Lehrbuch der Jisskifaiiriiation, p. 

To avoid loss of material during the tnmnlt- 77 et seg. 

uouB ebullition caused by the evoluticn of car- An- old method of testing viiiegar was as 

bonic' acidt care should be taken that the flask fbUons :-^W^gli a lump of pure, dry marble, 

or beaker in whicli the vinegar is heated is place it in a meaaurea qusntitj of vinegar, 

never more than about a quarter ftill of tlie insufficient to dissolve the whole lump^ and 

liquid. The carbonate of sodium slimild be wai'm the liquid sligbtiy, until all the acid is 

taken up by small fractions, and no new per- saturated wita calcium. Wa«h the undissolved 

tion of It should be added to the liquid until portion of marble with boiling water, dry it at 

the last porlitm has ceased to give off gas. the same temperature as before, and again 

Just before each fresh addition of the car&n- weigh it. From the loss of weight calculate 

ate the liquid should be shaken in such man- the amount of acid in the sample examined, 

ner that any drops of it which may have been Objections to this process are' found in the 

thrown against the upper aide of the inclined difficulty of washing out theacetate of calcium 

vessel shall be washetl down into the main from the porous stone as well as in the slow ac- 

body of liquor. The spoon used tor transfer^ tion of acetic acid upon marble, and tlie impoa- 

rin£ the carbonate of sodium should be kept sibillty of bringing tJie mio'ble to absolutely the 

as dry as possible. ■ In ease the steam from the same state ot dryness before and after the 

Sask wet it, it should be rinsed at the mouth action of the acid. (Gr. Williamst Pharati 

of the flask vrith a wash bottie and afterwards Journ. Trans., 1864, 13. 595). 

dried. MeOiod B. To determine acetic acid in 

As long as the color of the solution remains acetates from which caustic soda precipitates 

bright red, the carbonate of sodium may be hydrates or oxides, such as iferric a«etate or 

added with treedom and rapidity; but when acetale of copper, mix a weighed quantity of 

thepointof neutralization is near at hand.only the acetate with a measured quantity of a 

very small portions of the carbonate should be standard solution of caustic soda or carbonate 

added. In any event the color of the liquid of sodium, moi*e than sufGcient to decompose 

serves merely as a rough indication of the the whole of the acetate. Heat the mixture 

progress of the experiment. Litmus paper to boihng, collect the precipitate upon a filter) 

must be used as a test of Ihorot^h saturation, wash it with hot water, concentrate the filtrate 

As soon as the color of the solution becomes to a convenient bulk and determine the excess 

obscure, small drops of the liquid must be of alkali witb standard acid. The difference 

placed upon litmus paper atter eaeh addition between the amount of soda thus found and 

of the carbonate, until the paper ceases ia be the amonnt of soda taken, gives the quantity of 

reddened, or is actually turned blue. It is not soda which has been neutralized by *he acetle 

best ta eo\or the 'vini^^' intensely red at the acid in the substance analyzed. The amount 

start. Two or three drops of litmus will color of acetic acid is found by the proportion j^^ 

it sufficiently. When the vinegar is strongly Moifcwt . M!iiM,wi._we,<if Bods. / wioficidv 

reddened at first, it is apt to acquire a violet ofM»HO ■ (rfCiHiOi-mntmiued ■" ("Ununpis. J 

tint towards the close of the operation which Care must be taken that none of the acid is 

tends to obscure the reaction of the solution lost by preciptation as a basic acetate in the 

upon paper. In case the vinegar is stronglj- flrgt instance. Since a good deal of carbonic 

heated, it is best not to add any litmus to it acid would be absorbed from the air during 

until the comparatively slu^sh evolution of ^^ evaporation of the filtrate in case caustic 

carbonic acid indicates that the point oi neu- g^da were employed, it is as well to use a 

tralization is almost reached. The crystals of standard solution of carbonate of sodium, 

carbonate of sodium chosen for this use should ^g^e Acidimetry). 

be free fiv>m any spots of eftiorescence. In- Jo determine the unused excess of alkali, 

stead of crystals of sal-soda, some vint^ar ti,g fQlutioli may be heated to boiling, colored 

makers prefer to use the anhydrous, recentiy „ith litmus, and directly saturated with standi 

ignited carbonate. In any event, carbonate ardacid; or an excess of standard acid may 

of sodium is to be preferred to carbonate of ^^ added at once, the solution boiled to expel 

potassium, although the latter, at one time earb<mic acid, reddened with litmus, and tiien 

exclusively ^iployed, is still sometimes used, treated with a standard solution of caustic 

The itse of standard solutions of carbonate of g^^^ asiA a blue tint is Imparted to it. 
. sodium is not to be commended. Th^ are 

inferior in all respects to solutions ot^ the Unlike most of the other acids, the strength 

caustic alkalies. It has been already men-- of a solution of acetic acid cannot be deter- 

tioned that. Otto recommends the use of am- mined by taking the specific gravity of the 

monia water four or five times diluted, chiefly solution. Not only are the dificrences in 

because this liquid may be readily obt^ned of density correspondinf to different proporliona 
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of acid TCry amall, — rancing only from 1.057, ia contaminated with a chloride, iho salt may 

the specific gravity of glacial acetic acid, to be distilled with chlorhydric instead of phoa- 

1,000, the specific grayity of water, — but the phoric acid. The proportion of chlorhydrie 

differences are not regular, or directly proper- acid in the distillate woidd in that case be de- 

tional to the amounts of acid in the solution, lermincd by titrating one portion of It with a. 

Thus the specific gravity of a soSntion con- solution of silver (see Chloride of Silver), 

taining only 87 per cent of anhydrous acetic after the total amount of acetic acid and chlor- 

acid is almost absolutely identical with that of hydric acids had been determined in another 

a, solution containing 85 per cent. Solutions portion with standard soda. The proportion 

of vinegar and of crude pyrolxgncous acid are of acetic acid would then be inferred from the 

often met with, moreover, charged with vary- difference. Snlphuric acid cannot readily be 

ing proportions of other soluble substances, eo employed, since sulphurous acid is formed 

that this method of estimation would not ad- through its action npon organic matters at- 

mit of general application in any event. tachcd to the acetate of calciumi (Frcsenius, 

The strength of ;pure vinegars made from ZeUsch. Anolyt. Chem., 1866, 6.315), 

diluted alcohol, whiskey, or other distilled Principle 111. Feeble solvent action; or 

mirit, maj^, however, be tested with the hy- father, power of dissolving certain sabstanees 

droraeter indirectly, as follows; — Add dry without acting upon others, 

slaked lime to a measured quantity of the Applications. Acetic acid is used to acidu- 

vinegar, to alkaline reaction, or, better, until late hquids in many cases where stronger acids 

the color of the solution suddenly changes to are inadmissible. See, for example. Acetate of 

.yellow or brown, while a flocculent precipitate Aluminum, Acetate of Iron, Chromate of Ba^ 

forms in the liquid. This change of color, due rium, Phosphate of Iron, Phosphate of Ura- 

to the presence of impurities in the vin^ar, uium, etc., etc. 

indicates that an excels of lime has been The commercial acid of 1.04 specific gravity, 

added. Cool the solution of acetate of calcium containing about 25 per cent of the anhydrous 

to 1 5° and test it with a hydrometer. By ref- acid, is usnally pure enough and strong enough 

erence to a table of specific gravities and per- for purposes of analj'sis. It should be tested 

centage composition of solutions of acetate of with solutions of nitrate of silver, nitrate of 

calcium, the proportion of this salt and, there- barium, and of indigo; with, sniphuretted hy- 

from, the proportion of acetic acid, may read- drogen, and with ammonia water and suJphy- 

ily be obtained. ''The process is well adapted drate of ammonium before use, in cases where 

fiir technical determinations. (Ordway, Amer, the presence of chlorine, sulphuric acid, nitric 

Jown. Sei., 1861, 31. 451), It was form- acid, sulphurous acid, or of either of the heavy 

erly employed in* England (jy excise officers, metals would be prgudicial. If pure, the acid 

but could hardly have afforded accurate results will neither leave any residue when evaporated 

with vinegar made from malt, cider, etc., on on platinum foil, nor emit an erapyreumatic 

account of the various soluble mucilaginous odor on being heated after having been satu- 

Bubstances with which such vinegar is chai^d. rated with carbonate of sodium. 

Principle II. Volatility. In order to purify an impure acid, mix it 

ApplictxHon. Estimation of the acid in crade with some acetate of sodium, and slowly distil 

acetate of .calcium. the liquid almost to dryness in a glass retort. 

Method. "Weigh out about 5 grms. of the In case sulphurous acid has been detected by 
acetate of calcium, place it in a small tubulated the depoation of sulphur on testing with sul- 
retort, tiMether with 50 c.c. of water and 50 jihuretted bydrt^n, digest the acid for some 
c.o. of ordinary phosphoric acid of about 1.3 time vrith oinoside ol lead or precipitated 
specific gravity, free from nitric acid. Set the binoxide of manganese, and decant the clear 
retort on a wire gauze support in such a posi- liquid belbre adding the acetate of sodium, 
tion that its neck may slope slightly upwards. Acetate of Aluminum, 
By means of tightly fitting corks and a deliv- Principle. Insolubility in water of certain 
ery tube, connect the mouth of the retort with basic acetates of aluminum. These acetates sep- 
a small Liebig's condenser, and distil almost arate when neutral or nearly neutral aqueous 
to dryness. Collect the distillate in a quarter- solutions of acetate of aluminum, which con- 
litre flask, taking care that none of it is lost, t^n some other salts, are heated. (Compare 
Allow the retort to become cold, pour into it Dictionary of Solubilities). 
60 c.c. more water, again distil almost tj dry- Applications. Determination of aluminum 
ness, and afterwards repeat the operation yet in most compounds of aluminum with inor- 
a third time. Add water to the distillate bv ganic or volatile organic acids, which are solu- 
small portions, agitating the mixture after each ble in water or chior^dric acid. Separation of 
addition, until the flask is filled up to the Al from Li, K, Na; Ba,Ca, -Sr, Mg, Mn, Dr, 
quarter-litre mark. Then draw off portions Fe (see Method BJ, Co and Zn; less com- 
of 50 c.c. or 100 c.c. with a pipette, and dc- pletely from Hi. The method is employed 
termine tiie acid coutwned in Uiem by means more particularly when both Al and Fe nave 
of a normal solution of.caustic soda, as ,de- to be separated together trom the other metals, 
scribed in A. In case the acetate of calcium Method A. Put the cold, moderately dilute, 
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somewhat aoid eolution in a flask or beaker, long continned, lest the hydrate of aluminum 

and add to it carbonate of sodium hy smaU become slimy and stop the ] .ores of tht- filter, 

lumps or ammonia water little by little, uutil Unless a considerable excess of acetnte of 

the acid i^ so nuarly saturated that ou shak- sodium be employed, an appi-eciablo quantity 

inc the liquid the precipitate formed by tlie of aluminumtnUescapnprecipiUliou; the pre- 

last addition of alkah barely dissolves. Add cipitate, m this case, has a peculiar ^anular 

to the clear, cold Uquid a few drops of acetic appearance. In case the tiltration la slow, 

acid, aud then pour in as much of a strong some aluminum will pass mto the filtrate, wd 

aqueous solution of normal acetate of sodium, may be separated therefroni on boihiig. Ihis 

or acetate of ammonium, as may be needed subsidiary precipitate should be collected on 

to convert by double decomposition all the a separate filter. — The precipitate usual y 

hases present into nonual acetates. Heat the reUins insignificant traces of soda, but should 

nnxturo W boiling, and continue to boil for not exhibit a strong a^ine reaction when 

a short time. Jf die operation has been prop- moistened with water after, igmtion. In case 

erly conducted, the precipitate will settle read^ the presence of sodium salts in the filtrate is 

ilv from the liquid in the form of transparent underfrable, ammoniarwater and acetate of 

flocks, when the lamp U removed. ammonium must be employed instead of the 

Pour the clear, hot liquor upon a filter, wash carbonate andacetateof sodium. — _ lno"g|> 

the precipitate two or tferee dmes by deeanta- the precipitate cannot be veiy convenient y fil- 

tion with boiling water, to which some acetate tered and washed, and ihouch traces of alumi- 

of sodium, or acetate of ammonium, lias been num alwa:j;s remain in the filtrate, the process 

added; transfer the precipitate to the filter and affords satisfiictory results when carefiilly exe-, 

finish the washing on the filter with boiling cuted. It w less esteemed, however.than the 

water. — The precipitate is dried, ignited corresponding process ^ detrnnming iron, 

and weighed as Oiide of Aluminum, with the (S-:e Acetate of Iron). The wialogous process 

precautions prescribed under that head. Or, based upon the insolubility of basic Formiate 

in case peculiar aceuracy is required, the moist of Aluminum is preferable, inasmuch as the 

precipitate is dissolved in chlorhydric acid and formiate may he washed more readdy than the 

again thrown down with acetate of sodium, to acetate, 

remove tlie last ti-aces of the stronger bases. Acetate OT BariUm.i 

Melkod B. In separating iron from alumi- Prmciiile. Power of prccij^ttatirig snlpliatea 

num bv this process, the two elements are and ehi-omates. Compare Acetic Acid (feeble 

thrown'down together as basic acetates. The solvent power of). 

mixed precipitate ia ignited With the precau- Apphcations. Acetate of Jianum is used as 

tioiis enjoined under Acetate of Iron, and a reagent to precipitate sulphate of barium or 

wei«hed as alumina plus ferric oxide. Tlie cbromateof barium in caseswhereUiepresence 

' Mopoilion of hou is then determuied by titra- of chlorhydric or nitnc acid would be inadmis- 

Son (See pro! Oxide of Iron). The differ- sible. To prepare the acetate, dissolve pure 

encc between the weight of ferric oxide thus carbonate of barium in moderately dilute acetic 

obtained and that of the mixed precipitate, acid, filter, evapwate and set the strong solu- 

gives the weight of the alumina. tion aside to crystallize; keep the dry crystals 

Precautions. Acconiing to Gibbs & Atkin- for use. 

sen (Amer. Joum. Sci., 1865, 39. 60), ihe Acetato of Ifoil (Ferric AcC" 

luetals in the ori^al solution had better be in tate). 

the form of chlorides. If the original solution Principle. I. Inaolubiiity in water of certain 

eontaiDS any considerable excess of acid, this basic acetates of iron. These acetal*s separate 

excess should be removed by evaporation, and when neutral, or neatly neutral, aqueous solu- 

the solution agmn diluted with water before tions of ferric acetate, which contain some 

addiusthe carbonate of sodium or (lie ammo- other salts, are boiled. (Compare Dictbnary of 

nia. The solution should be bo dilute that a Solubilities). 

litre of it would contain no more than two Applteations. Determination of iron in salts 

grms. of AljOg, or of Al,Oa plus FcjOj, :n case of iron, with most inorganic or volatile organic 

both iron and aluminum weA present. In acids, which are soluble in water or chlorhydric 

case the liquid become turbid through the acid. Separation of Fe from Li, K, Na; Ba, 

addition of teo much alkali, it should be made Ca, Sr; M^, Ur, Al, Mn, Co and Zu; less 

clear s^ain by the least possible quantity of coinplctely foam Ni. Separation of FcjOa fi^im 

chlorhydric acid before proceeding to add the Feu. (MethodB). 

acetic acid and acetate of sodium. After boil- Melkod A Similar in all essential particu- 

ing the mixture,«t should be filtered hot, for lars to Ihit described under Acetat*, of Alunii- 

if the supernatant liquid were left to cool in num 

contact with the precipitate, some of the latter Piecaultons According to Fresenius, the 

would dissolve. For the same reason, it is beat suc<ps- ot the operation dipends on the iron 

te employ a plaited filter and to allow the filter solution being sufliciently dilute, ind the free 

to become empty alter each addition of liquid aiid sulhuuitly neutrahied, as wtll as upon 

before refilijng it. The boiling must not be too the pi-eecntc ol a sufficient excess of acetate 
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of sodium. If these conditions are complied potassium, remove the boiling iiqiiid from the 

with, all the iron will be thrown down as soon lamp, and stir ioto it crystals of acetate of 

as the liquor boils. It is not necessary in any sodium as before, to precipitate the ferriu c>^;ide. 

event to lioil the mixture longer than two ur If the oxidized solution contains no Eubstance, 

three inimites. bustdcs ferric oaide, prcdpltable b^ ammonia 

Unleaa it is intended to separate FeO frda in presence of ammonium salts, the iran maj' 

FejOj (as in Method B), the iron ninst all be of uourso be thrown down as Hydrate of Iron 

in the condition of a ferric salt before the in the usual way. 

liquid is neutralise*!. After tlie addition of the JVIanganoiis oxide, or a misture of manjja- 

carbonate of sodium, or the ammouiarnatei', nous and ferrous oxides, maybe separated from 

the liquid should assume a deep brownisli-red ferrie oside in a similar wa^ by mixing the 

color, out no permanent precipitate should be original ehlorhydric acid solution with chloride 

alloweil to form In it belore um alkcdioe ace- of sodium, and hydrate or carbonate of sodium, 

tate is added. The filtration should be rapid, in place o*' the chloride of ammonium and 

as with tlio aluminum salt, and the sunematant Ammonia water just described. The FeO and 

liquor should not be allowed to cool m contact MnO are subsequently o.'tidized with chlorate 

with the precipitate. If, after bcallng, the mix- of potassium to FejOg and MujOj, and tiie 

ture were left to itself for seversd hours, a Fe^Og tlirown down by means of a new portion 

sniall quantity of iron would go into solution. of acetate of sodium. 

Sometimes, though not often, portions of the Beiohardt recommends that the acetate of 

precipitate pasg mechanicaUy through the sodium be added in all eases in the form of 

pores of the filter, and have to be collected crystals, as above described, after the boiling 

upon another filter after standing six or eifrht liquid has been removed from tho Jamp, oven 

hours. The washed precipitate had better be when iron is to be separated from the alkaline 

dissolved in chlorhydric acid while sllll moist, earths, and from phoei^ateB of the alkaline 

and (he iron reprecipitated with ammonia as a earths. According to him, boiling as directed 

hydrate. If the precipitate is small, however, in Method A renders the precipitate more 

it may be ignited and weighed directly as Oxide difiicultof filtration, besides being objectionable 

raf Iron, taking care to oxidize any ferroso-ferric on other accounts, 
oxide which may form, by a final i^iltion in Principle 11, Colorific Power, 
oxygen gas, or with addition of nitric acid. Appiicalions. Estimation of small quantities 

The process is convenient, and affords accu- of iron, as in the analysis of rocks, 
rate results, though libe corresponding process Method. A special instrument known as a 

with Formiate of .Iron is said to be preferable, colorimeter is inquired. (See Colwimetry). , 

inasmuch as formiate of iron is more readily For a description of the process of analysis, 

washed than the acetate. which is not yet perfected, see a piper bv A 

Melhod B. To separate Pe,Os from FeO, Miiller in Zeitscli. analyt. CJiem., l«tid 2 143 

Reichardt (Zeitsck. analyU Chem., 1866, 5. 63, AoetQte Of Lead- 
Si) mixes the hot elilorhydric acid solution Prmciple. Ready solubility in wtter and 

of the two oxides with [i tolerably lanje quantity power of precipitating many acids. Compare, 

of chloride of ammonium, dilutes the mixture for example, Sulphate of Lend, Chromati- of 

lai^ly with boiling water, nentraJizes the hot Lead, Phosphate of Lead, etc. 
solution with ammonia, and inimediately re- The best commercial acetate of luad is usn 

dissolves the pretapitato with a few drops of ally pure enough. For use, dissolve oni, pait 

chlorhydrio acid, The clear liquid is then of the salt in ten parts of water acidulated 

heated to actual boiling, immediately removed with a few drops of acetic acid, 

from (he fiwj and treated with an excess, but Acetate of SodJUITt (or of PO" 
not too large an excess, of crystals of aeetate of ta^Sium). 

sodium. In a very short time after the crys- Princt^e. Easy decomposition of the salt 

tals have been stirred into the liquor, all the by strong acids, and feeble solvent power of 

iron in the ferric salt will separate aa a flocca- me acetic acid set free. 

lent precipitate, which may be filtered iromfr. Appiicalions. SnbstitutJon <X acetic for 

diatdy and washed with boiling water. T'he chlorhydric, suqihuric, or nitric acid in sti-ongly 

S evince of the chloride of ammonium is to acid solutions. Compare, for example, the 

nder the oxidation of the ferrous salt. It Acetates of Aluminum and of Iron, or Phos- 

accomplishes this purpose so well that the fil- phate of Iron. 

trate from the precipitated ferric acetate might The conunercial salt is usually pure enough; 

be left standing in the air for hours and still it should be free fi-ora einpyreuinatio matter, 

remain clear and ookirless. To determine the Dissolve one part of it in tcnfiarta of water, 

proportion of ferrous oxide;— Heat the filtrate ACOtate Of Uranium. 
to boiling, add chlorhydric acid, drop by drop, Principle. Power of precipitating Arseniate 

unUl the liquid remains permanently clear) of Uranium and Phosphate of Uranium, 
throw in small crystals of chlorate of potas- To prepare the acefate, boat finely powdered 

siura until a drop of the liqnid no longer jielda pitch blende with dilute nitric acid, treat the 

a blue colur when tested with ^ri-c^^ini<je pf nitrate with sulphuretted hydrogen to throw 
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down copper, lead and arsenic; filter ^ain, the common acids are volatile, it is easy to de- 
evaporate the filtrate to dryness, and heat the tect tlie presence of nonvolatile impuriticB by 
residue strongly enough to decompose the ni- evaporating a portion of the acid to dryness in 
trates of iron, cobalt and mansanese. Boil a suitable dish. Of the acids in common use, 
the residue with water and again Alter. Evap- acetic acid is the only one which cannot 
orate the filtrate to crystallwe nitrate of ura- readily be tested with the hydrometer when 
nium, purify tiie nitrate by recrystallization, pure. See Specific Gravity and Hydrometer 
and heat the crystals until a little of the ses- in this work, or in almost an^ treatise on 
quioside of uranium is reduced. Dissolve the Chemical or Physical Manipulation, 
yellowish-red mass in warm acetic acid, filter Method B. By neutraUzalion with an alka- 
and let the filtrate crystallize. Acetate of line lolulion of determined slreni/th. The prin- 
sesquioxide of uranium will crystallize out, ciple upon which this method depends is that 
while the nitrate of uranium, which escaped caustic alkalies and alkaline earths combine 
decomposition, remans dissolved in the moOier readily with free acids to form neutral salts, 
liquor. Or, saturate a solution of prot^x^lllo- having no action upon litmus and certain other 
ride of urwiium with ammonia- water, and coloring matters, while the presence of the 
dissolve the precipitate in hot acetic acid. smallest exce^ of either aeid or alkali is in- 

A solution of acetate of uraaium sitould stautly made manifest by its action upon the 

give no precipitate when tested with sulphu- coloring matter. 

retted hydrogen. But on the addition of car- Af^r a standard alkaline solution of definite 

bonate of ammonium, a precipitate, soluble in strength has once been pi-epared, it is easy to 

an excess of the carbonate, should be pro- determine the amount <rf" acid in any weighed 

duced. or measured sample of an aeid solution by 

Acidlmetry. adding to it a few drops of a soluljon of litmus, 

A term applied to methods of estimating the and then pouring in the standard alkali until 

amount of free acid in acid soluljons. the red color of the litmus just elianges to blue. 

Melhtxi A. By Spec^ic Gi-avity. It has The quantity of alkali required to eil'ect this 
been found by experience that tiie specific chan^ being noted in each case, the qu.intity 
gravity of a mixture of water and an acid is of acid contained in the sample is readily as- 
greater than that of pure water; that, as a certained by calculation from the known value 
general rule, liie specific gravity of such mix- of the alkali. 

tures increases with the proportion of acid The standard alkaline solution, most corn- 
contained in them, and ihzX each particular monly employed, is prepared from caustic soda; 
mixture has a certain definite specific gravify but a solution of caustic potash, or of caustic 
peculiar to itself. Consequently, if the specific lime_ in sugar water, would do as well. Am- 
gravity corresponding to each and every per monia water is sometimes used, and so are 
cent of any given acid be carefully determined, solutions of carbonate of sodium, of borax, and 
once for all, by experiments upon mixtures of of aminonio- sulphate of copper. ^ Instead 
pure acid and pure water, made expressly for of litmus, various othercoloring matters may be 
the purpose, it will afterwards be easy to deter- employed to indicate the point of saturafion. 
mine the proportion of that acid in any aque- See, in particular, Cochineal, Logivood and 
ous solution by taking the specific gravity of Turmeric. 

the latter and comparm^ the result with those Standard Cauitic Soda [or Stand ard_ Caustic 

of the standard experiments, provided only Potash] is prepared through the intervention 

that no substance besides the acid in question of a standard atid (see Alkalimetry) as fol- 

be dissolved in the solution. lows: — Make a solution of caustic soda by 

The relations between specific gravity and boiling carbonate of sodium with hydrate of 

per cent of pure acid have been determined calcium in the usual way,> and dilute the clear 

■ ' ' B of all the more caustic liquor until its specific gravity is about 



, and the results of these 'eX- 1-06, corresponding to five percent of hydrate 

periments, expressed in numbera arranged in of sodium. Measure off into a porcelain dish, 

tabular form, will be found in most of the die- <" i> beaker placed upon white paper, thirty 

tionaries of Chemistry. (See Dictionary of c.c. of test acid (see Alfcalimetrj-), and add to 

Solubilities.) the liquid as much of a violet solution of lit- 

In testing the value of an acid mixture in ">"« «« way be necessary to give it a faint red 

this way, the Hydrometer is snfliciently accu- tint. _ Fill a hurette' with the solution of 

rate for most purposes. It is very commonly caustic soda, and jmur the latter into the test 

employed in the scientific laboratory as well as ^^^ "°til ^^ "^d tint |ust changes to blue, 

in the work-shop. The precautions to be no- Repeat the experiment witii another portion of 
'■ ' ;, that the test must either be applied 



at the temperature to which the Standard i^ua'^™^i'^^at«''^d'b^l1'to^S5lSi™«l' 

)f potassii 



n, , I e ^^. 1 , ■ ,1 geoua u^e, iu water, and boll the aulutimt with enoueb 

1 able refers, or the observation must be cor- Sflkedltme to dpoompose anrcarboualo of notassium 
rected for that temperature, and that the si 



pie of acid tested must be tree, or nearly free, ' K'" ^S'^'j^'i"'' °^ ?'V 

S , , , ..'<.. £■■ '' I. nieBt and of t-rdmaUD'a fit 

fi-om soluble contaminations. Since many of in leadlog, see the work« oi 
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tte test acid, and if the two results agree, pro- 
teed to dilute the alkaline solution in the 
manner Uesuribed under Alkalimetry (teat su!- 

{hui-ic atidj, so that each volume of it shall 
Q capable of exactly neutralizing a volump of 
test acid. In case twenty-five c, c. of the soda 
solution were suffioient to neutralize the thirty 
c. c. of lest acid, five c. c. of water would have 
to be added to every twenty-five c. c. of that 
soda solution to rcdace it to tlie proper extent, 
or for every one thousand c. c. of the soda so- 
lution two hundred c. c. of water. When the 
standard solution is made of sach strength 
that the alliali in one thousand c. c. of it wil) 
exactly neutralize an equivalent weight of any 
acid (expressed in grammefl), it is called 

Normal solution of soda is well adapted for 
the ordinary operations of acidimetry, but 
■whenever tlie quantity jf add to be neutra- 
lized is sinail, it is best to use comparatively 
dilute solutions of standard alkali. To tliia 
end the normal solution may be diluted five 
tunes, or ten times, with water. To prepare a 
"one-t»!nth normal" solution, for example, 
measure ofi" fitly c. c. of the normal solution 
with a pipette, allow the liquid to flow into a 
hall-litru flask, fill the latt«r with water to the 
mark, and shake the mixture thoroughly. 

In order to keep the standard soda solution 
free iroin carbonic acid, the bottie which cos- 
tains it may bo provided with a cork carrj-ing 
a bulb tube open at both ends, filled with soda- 
lime, so that dr free from carbonic acid may 
pass into or out of the bottie, accordingly as 
the barometric pressure or temperature of the 
air changes. Sometimes it will be found con- 
venient to provide a syphon tube through 
■which the soda solution may be drawn off 
without need of opening the bottle. In this 
event a l^nt glai^ tube reaching nearly to the 
bottom of tlie bottle is fitted to 8ie cork beside 
the bulb tube, and to the end of its outer limb, 
which reaches to a point below the bottle, is 
attached a short piece of caoutehouc tubing. 
After the syphon has once been filled, the 
caoutchouc tube is kept compressed with a 
spring clip, excepting at the moments when 
portions of the solution are allowed to flow out. 
In most cases, however) this syphon arrange- 
ment may be dispensed with. 

Instead of taking pdns to make the soda 
solution normal, as above descnbed, it is o^n 
more convenient to choose a solution of soda 
of about ■the proper degree of coneenlration, 
as determined by tjie hydrometer; to determine 
its slrenath accurately by means of a staiidard 
acid, and tiien to use it directiy as tost alkali 
without any further preparation. This method 
of procedure of course necesiatates a short 
calculation in each case, in order to obtun the 
percentage of acid. 

It is convenient sometimes in technical anal- 
j-ses to have the numbw" of cubic conti metres, 
or half cubic centimetres, of the standard al- 



kali used, espress directly the percentage of 
acid (dther anhvdrous or hydrated) in the 
sample tested, lliis may be accomplished by 
using normal alkali, and operating upon a 
weighed quantity of the acid to be tested equal 
to one-tenth or one twentieth of an equivalent 
weight of the acid sought for, expressed in 
grammes. The following table gives the num- 
ber of grammes of each of tiie more common 
acids wliieh must l>e taken in this event: — 
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above table could liardly be weighed out di- 
rectly with sufficient accuracy, it is best to 
weigh out half equivalent weights (or in other 
words, five times as many grammes as are in- 
dicated in the first eolunm of figures) of the 
acids, in a five hundred e. c. fiask; to fill the 
flask with water to the mark, and after shak- 
ing its contfints to measure out portions of the 
liquid with a pipette, for analysis. One hundred 
e. c. or fitly c. c. of the liquid must be taken, 
according as one-tenth or one-twentietli of an 
equivalent weight of the acid is to be used. 
In diluting the acid with water, care must be 
taken if need be, to cool the mixture before 
adding the last drops of water. 

A Uatidard Solution of Lime in sugar water 
baa the merit of being always tree from car- 
bonic acid, for in case tiie solution absorbs any 
carbonic acid from the air, insoluble carbonate 
of calcium is precipitated. To prepare the 
solution, add slaked lime to a cold, moderately 
strong, but not too strong solution of white 
sugar, aa long as any of it will dissolve. Filter 
the solution, determine its strength by means 
of a standard acid, and dilute witii as much 
water as may be needed. Tlie solution of 
course becomes weaker in proportion as it ab- 
sorbs carbonic acid from the rur, though the 
deterioration is found to be very slow when 
the liquor is kept in tightiy stoppered bottles. 
The strength oi- the solution must, on this ac- 
count, be redetermined by means of standard 
acid at the beginning of any new senes of 
determinations, or according to Gr. Williams 
{Phana. Joura. Trans., 1854, 13. 696), at in- 
tervals of four or five weeks. One advantage 
of the lime solution is found in the fjict that 
acetate of calcium has less action upon the 
color of litmus than the acetates of sodimn and 
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potassium. The lime solution is consequent!)' A standard solution of Ammonia-water le to 

well fitted for testing Acetic Acid. be commended in certain cases, innsmucli as 

. Standard Sotat'ons of Lime water and of tbc Btrong liquor necessary tor its preparation 

Baryta water are used with advantage against may be obtained ready made of tivury druggist, 

oxalic acid and sulphuric acid for estimating Were it not ibr the easy Tolatility of ammonia, 

Cai'bonie Acid. (AiUr Dalton & Hadficld, ana and the consej^uent difBculty of keeping a 

Pettejikofer) . — Pasteur also (Dingler's standard sohition of it unchaased tor any 

polytech. Jour., 190. ]3!) and Zeilsch. analyt. great length of time, it would be often em- 

Chem, 8. SS) employs lime water against sul- ployed in acidimetry. 

phuric acid for determining the amount of acid A standard eobttion of Carbonate of Sodium 

in mvM (unfermented grape juice). For this may readily be prepared by weighing out a 

purpose a dilute standard acid ia prepared, of convenient quantily of pure, anhydrous car- 

sucu strength that ten c. c. of it suail contain bonate of soiTium, and dissolving it in a deter- 

0.06125 gi'in. of the monohydrate, and saturate mined quantity of water; — fitty-three grma. to 

about twenty-seven c. c. of iime water. This the litre would be the proportion for a noi-mij 

quantity of sulphuric, acid is equivalent to solution. 

0.0725 gmi.of anhydrous malicacio,toO.OB375 So far as mere preparation is concerned, a 

grm. of cryetallized tartaric acid and to 0.2S5I standard alkaline solution may evidently be 

grm. of cream of tartar. Ten cubic centime- obtained in this way inure dirtctly and with 

tres of clear, filtered must are taken for an less risk of error than by the roundabout 

experiment, and the standardized lime water methods required in the case of the eausllc 

is poured into it irom a burette graduated to alkalies. But since the reaction of carborae 

tenths of cubic centimeters. Since must al- acid upon litmus interferes with the reaction 

ways contains substances which are colored by of the stronger acids and of the alkalies, a so- 

alkalies, it is not necessary to add ai^ litmus lution of carbonate of sodium is interior — as a 

to indicate the point of saturation. It is not standard alkali — to a solution of caustic soda, 

well, for that matter, even to use litmus paper It is seldom used in acidimetry, though some 

at the close of the operation, for malate and times employed in the preparation of standard 

tartrate of calcium exhibit an acid reaction acids, as will be explained under Alkalimetry, 

with litmus, just as the a<:etate does. (See (See standard nitric acid). If a soluticm of 

Acetic Acid). The lime water should merely cochineal be emplo^d instead of htraus to 

be added to the must, rapidly and without in- indicate the point of saturation, the disturbing 

termission, until the character of the color of influence of carbonic acid is far less marked, 

the liquid changes, or in case the must be col- Instead of using a coloring matter as the in- 

orless at first, until the appearance of a toler- dicator, tiie point of saturation may be deter' 

ably pronounced yellow color. One or two mined by the precipitation of carbonate of 

drops should be subtracted lirom the amount of barium, as fi>llows:— Add a small quantity of 

lime water actually used, in order to reduce the a solution of ehlonde of barium to tlie acid to 

reading from the point of supersaturation to be tested, set the beaker which contains the 

that of saturation. mixture upon a black ground and pour into it 

As a rule, no precipitate of any kind falls a standard solution of carbonate of sodioai, 

at the moment when the color changes, but if until a persistent cloudiness, due to precip- 

the mixture bo left at rest for a few minutes, itated carbonate of barium, pervades the 

or better, for a half hour or hour, it will be- liquor. — Acids which, like sulphuric acid, 

come cloudy fixim deposition of granular crys- form insoluble compounds with barium, mav be 

tals of normal tartrate of calcium, or more treated mth a slight excess of chloride ot'ha- 

rarely, of a double compound of tartrate and rium, the mixture filtered to separate the in- 

malate of calcium, which contains one mole- soluble barium salt, and the filtrate, or somo 

cule of each salt plus sixteen molecules of definite fraction of it, may then be titrated 

water. These precipitates are easily distin- witiithe standard carbonate of sodium (Mohr). 

guishable under the microscope. No hatin is Standard solution of Biborate of Sodium. 

done in case the precipitate should form during Like carbonate of sodium, borax is an excol- 

the titration. lent material for preparing a standard alkaline 

Whenever there is any difiiculty in filtering solution, inasmuch as any desired quantity of 

a sample of must, a quantity of the standard the dry or crystallized salt may be weighed 

lime water insufficient to effect complete satu- directly upon the balance. A weighed quan- 

ration, may bo added to a measured quantity tity ol boras has only to be dissolved m as 

of the muddy honor — enough, for example, to much water as may have been determined upon, 

make the liquid give a Wue reaction upon in order to complete the preparation of tiio 

sensitive red litmus paper; the solution may standard solution. ^ The boracic acid set 

then be filtered, and lime water added, drop ii^e when the borax solution is mixed with 

by drop, to ten c. c. of the clear filtrate, until strong acids has far less action upon the color 

the color changes. It is then easy to reckon of htraus than is exerted by carbonic acid, 

how much lime water in all has been neutra- Perfectiy satisfactory results can in fact bo 

lized by acid in the must. obtained by titrating acids with the borax solu- 
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10 actdimethy.. 

lion, even when nothing but litmus is employed phate, or some other neutral salt, of copper, 

to indicate the point of neutralization, eape- ivhicli has been formed by tiie combination of 

fially if the solution to bi! tested be hot. Dot a poi-tion of the aeid under examination with 

if a fresh decoction of Brazil wood be em- some of the copper in the test liquid. At-the 

ployed as the indicator, instead of litmus, the end, therefore, the ammonia in the test liquid 

influence of boracic acid upon tlie final reac- combines with the acid of this neutral cop[>er 

tJon becomes wholly inappreciable. The solu- salt, and the copper contained in it is tlu-uwn 

tion of Brazil wood should be prep(u>«l ftom down in tlie fonn of a subsalt at the same time 

lid blocks, not with that from the test liquid, so that the vol- 

j be found in ume of the precipitate ia very considerable, 

e yellow Brazil wood solutJon The compfeti.in of the process is thus made 

ia colored purple by alkalies, but becomes of a distinctly manifest, for the appearance of the 

clearer yellow or reddish tint, when brought turbidity shoivs that the point of saturation 

into contact with acids. (Stolba, Journ. pratk. has been reached. 

C&ott., 1864, 90. 459). The solution is brought to the required 

Since borax is rather sparingly soluble, it is strength, and ia employed for determining 

impossible to employ a normal solution of it. acids in precisely the same way as a soda solu- 

Even a one-quarter normal solution, which tion, with the smgle exception that the point 

■would cont^n only 47.75 grms. fo the litre, of saturation is iudicatcil by the appearance 

sometimes deposits crystals in cold weather, of a precipitate instead of by a change of 

The use of boras solutions is consequently color, as when litmus or cocliineal is emploj-ed, 

lunited to those cases where only a dilute test This modification of tlie ordinary acidmie- 

alkali is needed. (Salzer, Mohr's Titrirmetk- trie process oiFers no special advantages in so 

«(ie, 1856, 2. 102). fsa as relates to pure acids, excepting Acetic 

Standard Sokitum of Ammonio-Svlphaie of Acid, as already described, and is altogether 
Copper. Instead of using a standard solution inapplicable in the case of acids which form 
of pure alkali to neutralize the acid which is to insoluble compounds with copper, such, for 
be estimated, and a solution of litmus or other example, as oxalic, tartaric and phosphoric 
coloring matter to indicate the point of satura- acids. It is peculiarly well adapted, on the 
tion, it is quite possible to make a single solu- other hand, for those Gase» where a free acid is 
tion serve both purposes. A solution of mixed with any of the so-called acid salts. It 
chloride of silver, for example, in ammonia may be emploj'ed, for example, to determine 
water, or of oxide of zinc in potash, soda or the free acid in the partially spent liquors- 
ammonia, of alumina in potash or soda, or, chai^d with sulphate of zine — of galvanic 
best of all, of basic sulphate of copper in am- batteries, or in the mother liquors resulting 
monia wafer, may be employed both to neutra- from the manufacture of sulphate of copper or 
lize the acid, and to show when the ncutrali- sulphate of zinc. 
Eation is complete. Since the basic sulphate of copper is not ab- 

The solution of am monio- sulphate of copper solutely insoluble in solutions of ammonium 
(first proposed by Kieffer, Annal. der Ckem. salts, uie method is not Ifl be commended in 
vnd PAorm., 63. 386) is prepared by adding cases where strict accuracy is required. Carey 
ammonia water to a tolerably strong, warm. Lea (Amer. Joum. Sci., 1861, 31. 190) has 
aqjieous solution of sulphate of copper, until shown that the precipitate dissolves with con- 
the basic sulphate at first thrown down has al- siderable focility in a, solution of sulphate of 
most completely dissolved; the liquid is then ammoniuin, that it is likewise soluble, though 
filtered, and its strengtli determined by titra- perhaps to a lesser degree, in solutions of chlo- 
tion with a standard acid, which may be either rjcle and of nitrate of ammonium, and that a, 
cblorhydric, nitric or sulphuric. Oxalic acid lai^r or smaller quantity is held dissolved, 
cannot be used in this case, since an insoluble according as the saline solution is more or less 
oxalate of copper would he formed and the dilute. In practice, therefore, dJlFerent results 
liquid obscured. When the ammonio- sulphate will be obtained from solutions containing pre- 
of copper is dropped into an acid solution, it eisely the same proportion of acid, in case thev 
neutralizes the free acid just as any other al- happen to be more or less highly charged with 
kaline liquid would, but at the moment when ammonium salts. Fresenius (Zeilsch. analyt. 
all the acid is saturated the Uqnid suddenly Chem.,\. 108), on the other hand, while ad- 
becomes turbid from the deposition of a quan- mitting the justice of Lea's criticism, has shown 
tity of basic sulphate of copper. Though by experiments that the errors likely to arise 
readily soluble in ammonia water and in acids, from this source are not of suflicient magnitude 
this sulphate is well nigh insoluble in neutral to condemn the process, in so far as relates to 
solutions. Hence that portion of it which was its applications lor technical purposes. 
held dissolved in the final drop of the test It is to be observed that the acid solutions to 
liquor falls down when the ammonia is taken betesfiedin thiswaymustbeclear; thayshonld 
from it. Moreover, the last drop of the test be placed in beakers set upon black paper. 
ii<juor reacts not upon free acid, but upou sul- Since tlie copper solution is liable to lose am- 
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BionJa by standinir, its strenglii should be re- manner described onJer Acetic Aeid. It is to 

determined from time to time, or before each bii observed, however, that in determining the 

new serfes of experiments. point of saturation with litmns papflr, a little 

The Actual DetermiMUhn nf tlie pr opo Hion of more alkali will almost alwuys be used than 

jlciti maybe performed as foUows: — Weigh out would be the case if the litmus were in solu- 

in-a small beaker or flask aa milch of tbe acid to tion. In very delicate experiments it may 

be tested as will probably be suflicient to neu- sometimes be worth while to detcrmiue the 

tralize from 15 txi 30 c. c. of the standard amount of this excess, and la allow for it in 

alkali, and add to it litmus enough to colSr the estimating the acid. This may be done by 

solution faint red. Fill a burette with, the measunnir off a volume of water equal to that 

standard soda solution, and drop the latter of tlie acid tested, and adding to it drops of 

rather quickly and without intermisnion into the soda solution until the reaetion of the 

tlie acid, until the whole of the liquid in the liquid upon litmns paper is just as strong as 

beaker remains distinctly blue for some sec- that previously exhibited by the liquid, which 

onds. The acid must be stirred continually contained the acid. The quantity of alkali 

from first to last. After the point of neutrah- required to effect this result is then subtracted 

zation has once been reached, no attention from tlie quantity actually employed in neu- 

need be paid to the gradual reversion of the traiizing the acid. 

blue color to violet, caused by the action of See Alkalimetry for the method of using 

carbonic acid from the air. ~ Note the cochineal instead of litmus. See also Gochi< 

quantity of standard soda solution which has neal and Logwood, 

been consumed, and proceed to calculate the Estimaiwft of Combined Acidt, Though the 

proportion of acid. Suppose4.6 grms.of dilute term acidiinetry is commonly understood to 

acetic acid were weighed out, and tliat 25 e, c. apply only to the esfimation of free acids in 

of normal aoda solution, coatainin^ 40 grms. simple solutions, or in solutions charged with 

(== one molecule) of hydrate of sodium to the substances having no action on alkalies, the 

liti'e, were rojuired to neutralize the acid, then process may nevertheless be extended in soma 

the proportion instances to the determination of aeids com- 

11™ « mC- MciiecniBT n r wdKht of c^,on bined with metals. ^ A description of one 

l--»i.ofC,a,oj:a'L"'-''" to »™i>i« «£«. J method of this character, as applied to the 

will indicate how many grammes of pure acetic estimation of acetic acid when combined with 

acid were contained in t)ie weighed quantity of copper, iron, and other metals precipitable as 

dilute acid, and the proportion hydrates, oxides or carbonates, by causUc or 
carbonated soda, has been gi-»en already under 

*.s,i.t-!»>.»;[=»3.3S) ^ Acetic Acid, 
will give the percentage of pure acid which the Another general method of determining the 

sample contained. amount of acid in a compound — based upon 

If the acid solution be kept hot while the the insolubility of various metallic sulphides — 

standard soda solution is added to it, the point should here be mentioned. This method is 

of saturation can be distinguished without applicable to the estimation of ncoi-volatile 

difficulty, even when the soda solution is con- acids, which are not acted upon by sulphu- 

taminated with somecarbonio acid; but in cases retted hydn^ren when combined, to form com- 

where the operation has to be performed in pounds soluble in water, vrith any metal which 

the cold, as when the acid under examination can be easily and completely precipitated by 

is volatile, or mixed with ammonium salts, the sulphuretted aydrogen. The process is as fol- 

caustic soda employed should be free, or neai-ly lows : — Weigh out a quantity of the salt to be 

free from carbonate. No matter how pure the analyzed, dissolve it in water, boil the srfution, 

soda, the change of coloration is more readily and pa^ a stream of sulphuretted hydrogen 

reci^uized in hot than in cold solutions. In through the liquid until the metal is ccaupletely 

any event the change of color of the litmus precipitated. In order to determine when the 

from red to blue is less clearly defined with precipitation is complete, take out drops of the 

weak acids, such as most of die organic acids, clear liquid from lime to time upon a glass rod, 

than with strong acids, such as sulphuric, chlop- place them upon porcelain, and add a drop of 

hydric, nitric, and the like. The blue tint, strong sulphuretted hydrogen water, or of any 

indicative of the point of saturation, may be other reagent specially adapted for testing the 

obscured also, or modified, by the presence of metal in question. \Vhen quantities of salts 

various substances. If the acid solution con- as lar^ as 5 grammes are operated upon the 

tains ammonium salts, for example, the change precipitation is usually complete in half an 

of color from red to blue is less quick and hour. When all die metal has been thrawn 

decided than when they are absent. In all down, filter the liquid rapidly, wash the precip- 

cases of doubt, and particularly when a color itate with hot water until the washings no 

peculiar to the liquid obscures the color of the longer exhibit an acid reaction, and collect the 

dissolved litmus, it is best to determine the filtrate and wash water in a half litre or a litre 

point of iieutTidization by placing successive flask. Cool the liquid and dilute it with water 

drops of the liquid upon litmus paper, in the to the Tolume of l«iif a litre, or a litre. Agt- 
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tate the mixture tlioroujilily, Like out with a lii^hly colored that the ordinary metliod of 

pipette sevcriil portions of 50 or 100 c e. each, acidiiuetry cannot he applied to ihein, 

tuid plauc them id Beparntti buakei's, add a tew AcOllitin. 

drops of cochineal or logwood to each of the See In' u curat of Icon't' 

solutions, and determine the amount of free Albumin 

aeid in each with dilute standard alkali in the J»ji c jle 1 Coig lab 1 h 1 e-it 

visual way-. As the ataodard alkali, Gibbs em- Appl ti i, ts f II n n 1 

j)loj-B one-tenth normal ammonia water. The kallne s lut o su h as i, ind t s uu 

results of tiie let determination sliouid be re- of blood 

garded as merelj- approximative, and the mean Me loil i Ac dulate the ulut on 1 ^1 tl 

of the 2d and 3d (or of several Buccesaive) with at t c ic d a 1 h il lor Bt al ut ». 

determinations taken as the true result. From CoUoLt the prccip tntc on a t. red hit r vash 

Ihe quantity of standard alkali. used, not only tlioroi^l 1 with varin water nl Ir cur 

the quantity of acid in the salt examined, but, rent ol warn a t 110° oi 11 o i t a 

in many cases, that of the metal also, may he vacuo ove suli 1 c a 1 1 1 th sa 

readily calculated. ceases to lo e v ^!t C -c u t b tik n 

The precipitation of a metal by sulphuretted Uiat tht j r ] tit thor ughl I 1 for la 

hj'dr<^n from boiling aolutions is usually soon as tl e o stu e 1 h 1 1 nn ts 

comparatively slow, but the boiling is never- surface the mas t ot 

theless neceaaarj in order tliat the filtered horn, an 1 fur hi a uf 

liquid may contain no aulphydric acid. — In the w te n ti c 

operating upon nitrates and chlondes, a quan- liquid is s^ ut u n 

tit^ of some neutral salt of a fixed organic shall be [ ( t ic t 

acid must be added to the aolution before yasa- excess oi the III ] 1 1 ■st 

ing the sulphuretted hydrogen. A quaintilj of some of the albmnm bo 1 sol tlbj t ITe 

the oi^anic acid equivalent to that of the min- prceip t. te thro rn down ii ou solut o s tl s 

cral aeid is then set fi-ee, so that none of the acidul ted a more ilm, ul t a d 1 s ai t to 

mineral acid is lost through volatilization, and clog tl e po es f tl filter 1 ng t ( mp 3 

none of the nitric acid destroyed by the hot of wash g than that oht uc I tl It, 

aulphuretled hydrt^en. A quantity of Ro- addition ot at ae d — To kt c 11 u 

chelle salt about equal to the quantily of the min ii u c [ I re jO to 100 c c ot th 1 ar 

salt taken to be analyzed, may be used for this urine, preiiouslj flltLicd, if need b(,, in a flj.k 

purpose. large enough to hold twice as much of the 

The process is inapplicable in presence even liquid. Heat the hquor gradually, with fre- 

of very amall quantities of iron, aluminum, quent shaking until the albumin begins to 

and various other metals, which, with cochi- coagulate, at about 70°, then throw a couple 

Beal and logwood, give reactions not easily to of drops of acetic aeid into the flaak from the 

be distinguished from those produced by the end of a glass rod, and boil the liquor as above 

(cauatie aJkaiiea. (Rose, Psgg. Armai., 116. described (Jfeubauer & Togel). 

125; Gibbs, Amer. Jaum. Sci., 1807 [2] 44. Method B. Another method of estimating 

207). albumin in urine, devised by Heller (/ie/ter's 

Frin^iple II. Power of aeids to expel car- Archiv JUr Chem. und Microsc, 1852, p. 26G 

bonic acid from metallic carbonates. et seq.), is aaid to afford vei^- accurate results 

Method. Mix a weighed or measured quan- in spite of being indirect: — Evaporate 10 or 

tity of the acid to be examined with an excess 15 grms. of the urine to dryness over sulphuric 

of bicarbonate of sodium in an appropriate acid, and weigh tiic residue. Weigh out an- 

aj^aratuB (see Carbonic Acid), and determine other quantity of the same urine in a small 

how much, carbonic acid is expelled, either hy flask, acidulate it slightly with acetic add, boil 

weighing tiie apparatus before and after the until all the albumin is pi-eeipitatcd, and after 

experiment, and calling the loss of weigiit car- the liquid has become c<Sd place the flask upon 

bonic acid, or by absorbing the gas in soda- the balance and add to it, di'op by drop, water 

lime and weighing it direewy. ([See Carbonic enough ta replace what has evaporated. I'il- 

Acid). The amount of free aeid in thesam- ter the coutenta of the flaak and evaporate a 

pie tested is then found by the proportion: weighed portion of the filti'ate to dryness over 

MoUcuiMirt. EQuiiniuntwi weichirfcOs Weight of acid Bulphuric atid. Tho difference between tho 

of scoj '■ 1?«dd tMMd. " TboBii ■ Ul BauiiJo. percentage of residue left by the original urine 

It will be observed tiiat 2 molecules of CO3 and that obtained from tho urine after the 

iare set free for every equivalent of acid in the separation ofthe albunun gives the proportion 

jBolution ■ of^ fhe latter in^edient. 

i..,o,H*..co,..TO..N,o,TO+wt«o. MAmlC. >or conp.ring tlao ™iMe. of 

-a,i-^-r!v.-r™ albumin m any two different samples of unne, 

Enough aeid should be taken to set free one or Dr. John Ilarley has adopted the following 

two grammes of carbonic acid. — Tho pro- process: — Make 3 small filters from the same 

eess affords satisiketory results, and may be sheet of paper, cut down the two heavier to 

employed with advantage in testing liquids so the weight of the lightest, and mark the filtei 
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a pencil, A, B, and 0. Take lOOO grain trough, and eement TBenr into tie ends of 

■•- cs of oiinc A, and having boiled it, pouC the trough with Canada balsam, takinf; care to 

e hot upon filter A. Treat iirinn B in place the glasses parallel to one another, and 

a similar way. Wash the contents of" eath to leave a clear di>itance of G.6 c. m. bo- 

of the filters with warm water until tlie last tween them. Thfl glasses can be cemented 

traces of adhering urine hare been removed, the more readily in case i notch or groove 

Then pone upon the albumin an ounce of wa-^ be made upon the iron m the b^inning 

ter contwnine 3 drops of nitfic acid, and sub- to receive them. The metal of thi trough 

sequently waSi out the acid with water. The should be painted with asphaltmn varnish to- 

filter marked O is placed in th.c first instance protect it frmn rust. 

between one of theother filters and titefunnd, As applied to the estimition of albumin ift 
and is thus equally saturated with utine and urine, the process of testing is as follows — 
acid, and equally washed free from both. All 8 Filter the urine, in case it is not clear, aeidu- 
filters are imed together, and the empty filter late it shghtly with acetfe acid, if it be not al- 
ls used as a counterpoise in determining the ready acid, and proceed to determine how 
wdght of the albumin upon the others. much tlie nrine must be diluted to fit it for the 

Pivperties. Albumin, as it occurs in the test. To this end prepare several dilute solu- 
state of solution in the animal economy, is tions by mixing measured portions of the urine- 
combined not only with Water but with minute with water and boil each of tlie solutions in 
quantities of certain saline and alkaline in- regular order, until one is found in which the 
gredients. When a solution of pure albumin albumin no longer separates in distinct flocks, 
!s evaporated in vacuo, at temperatures below but only as a milky cloud. It i^ a liquid thns 
50°, there is Icit a light yellow, translucent clouded by the presence of fine particles of 
mass of soluble albumin, which may l>e read- suspended albumin, which admits of being sub- 
i!y rubbed to a fine white powder. When jected to tjio test of opacity. — The best 
treated with water, this rewdno s^rells up to a way of preparing these dflute solutions is tiie 
jcliy, without, however, dissolving to any very following >--By means of a little pipette grad- 
considerabie extent, unless a small quantity uatcil to O.I c. c., take up 6 c. c. of tiie urine 
of an alkaline salt be present By the action and transfer it to a 100 c. c, flask. Fill the 
of most mineral acids, and of many other flask with water to the mark, shake tlie mir- 
chemical agents — sometimes by mere contact tore tboroiwhly, pour the liquid into a beaker 
with atmospheric air, this soluble modification and leave the flask inverted in order that it 
of albumin is changed to the coagulated, in- may drain. Meanwhile pour G or 8 c. c. of 
soluble condition. tlie diluted unne into a test tube of 30 or 25 

Insoluble albumin, when recently precipi- c. e. capacity, beat the liquid to boiling, and 

tated and still moist, is a tough, white, opaque, afterwards cool it quickly by Immersing the 

flocculent solid, insoluble in water, alcohol, tube in cold water. In ease the precipitate 

ether, and most acids when dilute and cold, produced hy boiling is so slight that the form 

When left moist in the an it putrefies. It is of objects placed in sliong daylight can bo- 

somewhat soluble in hot acetic, tartaric, phos- distinguished on looking at them thro^h the 

{horic, and strong ehlorhydric acids. VVhen liquid, the eattiple has been too much dilufed, 

oiled for a long time witlt water it decomposes and the operator will at once proceed to pre- 

and dissolves. On being dried it assumes a pare a more concentrated solution by mixing 

yellow color and becomes brittle and 'ttanslu- Xi c. c. of the original urine with water in the 

cent like horn. When soaked in water, after 100 c. c. flask. But in case the first solution 

dryiug, it takes up a(jout five times its weight was not transparent, it may be tested in the 

of the liquid and becomes soft and elastic. trough. — In testing, fill tlie trough two- 

Piinciple 11. Opacity. thirds full of the cold, boiled liquid, and look 

Applkalions. lirtimation of albumin in through the liquid at the flame of a burning 

aqueous and saline solutions. candle in a darkened room. Repeat the cx- 

Melhod. Prepare a littie trough of sheet periment with other tSluted samples of the 

iron with glass ends, as follows: — Provide urine until a point is reached where tiie shape 

throe rectangular sheets of metal, one 7 e. m. of the flame cannot be distinguished, and only 

square, the others 4 c. m. long by 2.5 e. ra. diffused light can be seen through the liquid, 

wide. Bend the square sheet into the form of even when the candle is brought close to the 

a V-shaped gutter, the upper edges of ivbich trough. ^ In case the fCime is visible 

are 1 c. m. apart. From each of the smaller through the first solution, tiic next trial must 

sheets cut out wcdged-shaped pieces of metal, be made with a solution containing a few more 

corresponding to the shape of the trough, so per cents of nrine than the first. But if the 

that when the sheets are placed in an upright shape of the flame cannot be distinguished, 

position, the V-shaped trough may fit into the the liquor of the subsequent trial must be moro 

cuts and be supported as by feet. Race one dilute, and soon methodically, until a liquid is 

of these supports near each end of the trough obtained, through which the reddish yellow 

and solder tliein to the trough. Cut out two cone of flame can only be seen by looking with 

V-shaped pieces of window glass, fitted to the the strictest attention, as if it were in a thick 
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14 AI-RUMIN. 

fog. When this point is reached it is only with much water. Some samples of albmiiir.- 

necessary to add a trace more urine (0.1 or . ous urine, however, become cloudy when 

0.2 per cent) in preparing the next diluted treated witt a few drops of acetic acid, or 

sample, in order that tiie dame may become with 5 or IQ times their volume of pure water, 

completely invisible, ^id the operation he fin- and it is precisely this kind of urine which is 

iehed. ■^ Tofiad the percentage of albumin, least readily tested hy the optical metiiod. 

divide the number 2.S553 by the number of Special care must be exercieed in adding acid 

c> c. of urine taken to prepare the dilute boIu- to such urine, ance the presence of a trace 

tion throu^ which the flame could no longer of acetic aeid in excess may present the ap' 

be seen. This number, 2.355S, is the mean of pearance of any precipitate on boiling. Tlje 

35 experiments by Dragendorff, in which tlie cloudy solution (paralbumin) produced on 

results of the optical teat were controlled by mixing the urine with water, need not be fil- 

preoipitating and weighing the albumin. t«red. The mixture should be boiled at once. 

Precautions. In looking at the flame, tiie as if it were clear. — The process is easy 

trough should be held before the eye like a of execution, and is said to yield very accurate 

spy-glass, and moved forwards and backwards results, excepting perhaps those kinds of urine 

from a distance of 0.5 metre from the candle which become cloudy on the addition of acetic 

close up to the Harae, while the instrument acid. Ordinarily no more than 5 or G of the 

itself is continually javssed lightly agmnst the diluted samples of lipoid Lave to be tested in 

eyebrow. Up to a certain point the last order to hit the point of obscuration, so that 

glimpses of the cone of flame can be seen more the determination will be finished in the course 

readily, in proportion as the trough is gloser to of half an hour. — Tlie aevcira! experiments 

the candle, hut if the llame is too near the of the series above mentioned agreed with one 

liquid, the latter is illuminated by a reddish another in most instances to the second deci- 

ydlow light, through which the flame is seen mal place. Only 3 expei'iments out of the 35 

less readily. The chamber in whichthe operas differed more than 0.1, and only 11 more than 

tion is conducted, should always be dark O.OS, so that 21 of the trials agreed to 0.05 per 

enougli that the yellow hght of the candle may cent. (Alfi'cd Vogel, Zeilsch. analyt. Chem., 

overpower the dayflght. 1868, 7. 152). 

In ease albumin separates from a diluted Principle JIJ. Power of rotating the plane 

liquor in small flooks, the hquor may often be of vibration of a ray of polarized l£ht. 

made cloudy and flt to be tested by shaking it Applications. Intimation of albumin in 

violently as soon as theflockaappear. Densely aq^ueous or saline solutions, such as urine and 

clouded liquids, on the other nand, may be the aerum of blood. 

used for preliminary, approximative tests, "bj Meiliod. When a ray of polarized light is 

mixing them with measured quantities of wa.- made to pass through a column of albumin 

ter. But the results of such experiments must solution enclosed in a tube, it is found that the 

always be controlled by testing samples of plane of polarization is rotated to the lefl^, and 

.urine which have been diluted before boiling, that the angle of deviation is proportional to 

Better results can always be obtained byhral- the length of the column of liquid. In like 

ing weak solutions of albumin than by boiling m.inner, when a tube of any given length is 

comparatively strong solutions and mixing the successively filled with solutions containing 

cloudy liquor with water. — Instead <rf the different (juantities of albumin, the angle of 

100 e. c. flask above prescribed, a 60 c. c. flask deviatioti is found to he proportional to the 

may be used, but rather more accurate results amount of albumin in the liquid, 

can be obtained when the iM^r volume of An apparatus, known as Soleil's Albuminim- 

liquid is operated upon. The pipette employed eter, nsed for measuring the rotatory power of 

must be graduated to 0.1 c. c, so that quanti- albumin, resembles the ordinary Saccharimeter 

ties of hquid as small as 0.05 can be measured (see Sugar), with the exception that in place 

with it. - of the Nichol's prism there used as the an- 

The chief difiiculty of the process is found alyier, a double refracting prism is employed, 
in endeavoring to properly acidulate the orig- cut in such manner that only a single image 
inal urine. Many samples of albuminous urine sliall appear in the field of vision. An intense 
yield no precipitate, or only a comparatively white light, such, for example, as that of a 
feeble precipitate on boiling, when too strongly peti'oleum lamp, is needed. The lamp is placed 
acidulated with acetic acid, and, in like man- in a blackened box provided with a reflector 
ner, less albumin is obtained by the optical which throws the rays of light upon a move- 
test than by the method of precipitation, in able lens hy which they are concentrated before 
■ ■■ l.theai ■ 



e the acid reaction of the urine is indistinct, reaching the apparatus 
It is important that the urine should bo kept Afl^r tlie lamp has been lighted and placed 

in a cool place in order that it may be as fi'eah in front of the apparatus, put a piece- of red 

as possible when tested. — The original glafs in front of the polarizing prism in the 

urine need not be filtered unless it contains a path of the luminous rays, and turn the an- 

distinct precipitate. Urine that is merely alyzing prism until the luminous image has 

cloudy will usually become clear when mixed completely disappeared. The zero point of 
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the apparatus having thui been determined, 
fill the tube vixxk the solution to be t^ted, 
jiloce it in the apparatus and leave the liquid 
at rest during sjine niinutea. On again look- 
ing into thi! apparatus it will he seen that hy 
virtue of the rotatory power of the liquid in the 
tube, the luminous ray has agtun become visi- 
ble, and it will be found that the index of the 
apparatus must be turned through a certain 
number of degrees in order to again extinguish 
the ray. But by counting the number <? de- 
grees and minul*s between the two points of 
extinction, it is easy to determine the amount 
of the rotation and to estimate therefrom the 
proportion of albumin in the liquor. -« It is 
important to exclude external light as com- 
pletely as possible; to make several observa- 
tions with each sample of liquid, and to read 
the divisions of the circle and vernier care- 
Mly; best with a good lens. 

In case serum of blood is to be tested, about 
1 gmi. of sulphate of sodium should be added 
to each 100 grms. of the Jiqmd, and the mix- 
ture filtered immediately, in order to separate 
blood globules aud other suspended parljcles. 
The purpose of the sulpliate is merely to facil- 
itate the filtration; in the case of urine none 
of it need be added. The yellowish oranaie 
color exhibited by serum when viewed in thia 
layers, becomes distinctly red when seen in a 
lon^ column like that in the tube of the albti- 
mimmeter. In general, however, this colora- 
tion is not intense enough to do any harm; it 
simplj" obviates the need of uein^ the red glass, 
for, like the latter, it only permits the passage 
of red rays. 

In a series of 50 experiments upon blood 
serum, Becquerel found that the deviation at 
the plane of polarization varied between 4° 30' 
and 9°, or on the avera^ 7° 30'. In general, 
the deviation osciUateu between 7° and 8°. 
The corresponding quantities of pure dry al- 
bumin were Irom 4.86 to 9.44 per cent From 
these and like observations, it has been calcu- 
lated, that with a column of liquid 20 c. m. 
long, each minute of deviation corresponds to 
0,18 grm. of albumin. (Becquerel, in Robm §■ 
VerdeiTs CMmie AnaUmigue, 1853, 8. 316). 

PTineipie IV. Specific Gravity. 

AppliccOkmi. Estimation of albumin in urine. 

Method. Take the specific gravity of the 
urine and note the temperature of the liquid 
when the observation is made. Acidulate a 
quaxitity of the urine with acetic acid, place 
the liquid in a flask provided with a perfomted 
cork carrying a vertical glass tube, and boil it 
until all uie albumin has separated in the in- 
soluble state. Cool the boiled urine to the 



the specific ^avity of the clear filtrate, 
tiply the dmerence between the two specific 
gravities by 210, iq oi-der to obtain the per- 
cijiitagi; of albumin in the saniple. In a seiios 



of 18 experiments, the least error was 0.005, 
and the greatest 0.056. (Lang, and Haebler, 
Zeltsck. annlyt. Cliem., 1868, 7. pp. 5!3, 514). 
An ai'ticlc on the estimation of albumin, by 
gramimctric and volumetric methods, has been 
published by C. Boedcker, in I{en!e §■ Pfeu- 
fa's Zeilschrift fur TOtuiTielle Medicin, Zurich, 
1859, S. 320. 

Alcohol. 

Prittciple I. Solvent power. 

Applications. Alcohol is used for separating 
many substances which dissolve in it from 
others which are insoluble, as when chloride of 
strontium is removed from chloride of barium; 
or preeipitates, such as the sulphate ofnHilate 
of calcium, are washed clean by means of it. 

Two kinds of alcohol are conunonly used 'm 
■anaJj-ais, namely; " Spirit," or ordinary alco- 
hol of 0.83 or 0.34 specific gravity (= 88 or 
90 per cent by volume), and "Absolute Alco- 
hol.'' The latter should be at le^t as strong 
as 0.81 specific gravity (»= 96 or 97 per cent 
by volume). To prepare it mix a quantity of 
ordinary alcohol in a oapaeious flask or retort, 
with Bomethkig more Ihan its own volume <rf 
quick-hine, in small pieces. .After the hm»^ 
has slaked, lea\e the mixture to itH.lt for stv- 
eral hours, and finallj distal it slowly upon a 
water-batii. 

Principle II. Eeducmg power 

Applications. EeductJ<n of chromic acid to 
sesquioxide of tliroinium, of bmosidc to pro- 
toxide of lead, etc 

Method. 8(,e, for example, Hjdrate uS 
Chromium. 

Principle III Volatility 

AppUcalions. Separaticn of alcohol from 
aqueous solutions of non lohtile "ul stances, 
as a preliminary to the determination of the 
strength of wines and spirit 

Method. As will appear fiom the article Al 
coholometry, the value of spirits if usually 
determined by mtans of the Hydrometer 
But since tliis instrument cannot be emplo3ed 
in case the spirit contam other soluble sub- 
stances besiiles wattr the alcohol together 
with a part of tiie water is first scpiratei by 
distillation before the hydrometer is applied 

A measured volume of the hquil to be 
tested is placed in a gh"" fliak provided with 
a cork and delivery tube, connected with a 
worm, or with a Lieblg's condenser. Most of 
the liquid is then distalled over, the distillate 
careMly measured, and the proportion of al- 
cohol contained in it is determined with the 
hydrometer. The amount of dcohol thus 
found must of eaurse be referred to the volume 
of liquid originally placed in the flask or still. 

Both the liquid to be distilled and the dis- 
tillate must be brought to some common tem- 
perature before measuring, best by immersing 
the Vessels which eontara them in. flowing 
water, Tlic inints of the disf.iUatovy Hppnra- 
tus must be tightly fitted. In case the snb- 
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16 ALCOHOLOMEl'RY. 

Stance to be tested contiuns any fteo acetic In case the liquor contains no cnnc sugar, 

acid or other yolatltc acid, neutralize it with but only grapo sugar, the number 1.39 ( = 

caustic so(ia before distilling. specific gravity of grape sugar) must bo substi- 

AlcOholometry.' tutcd for I.6O6 in the form^. 

A term apjilied to inBthods of estimating the A prominent advantage of lie process is 

proportion of alcohol in any spirituous liquid. found in the feet that only a comparatively 

Melliod A. By Specific Gi-avity. See Spe- small quantity of liquid is required for an ex- 

cifie Gravity and Hydrometer, Compare what perimcnt. 

ia said of specific gravity under Acidimetiy. Method B. By determining the boiiinq point 

Ap^Kottora. Determination of the pro- 0/ the mixtiire, and comparing the result with 

portion of alcohol in any mixture of alcohol Oie results of previous experiments made wiJJi 

aod pure water. This method is convenient, standard liquids of known composition specially 

accurate and rapidly executed. It is far more prepared by mixing pnre alcohol and pure wa- 

frequently employed thwi either of the other ter. Tables of the relations of boiling points 

methods of testing alcohol. It would always to per cents of alcohol will be found in most 

be employed for practical purposes, were it not dictionaries of general chemistry. (See, for 

that the presence of sugiw, salts, coloring example, Dictionary Solubilities, Art. Alcoliol). 

mattew, etc., in spu-it, sometimes precludes its Applicalions. Determination of the propor- 

nse. tion of alcohol in mixtures of alcohol and 

To estimate alcohol by this method, even in water, and in fermented liquors as well. For 

presence of sugar, Zenneck, and aflier him mixtures of alcohol and pure water the method 

Aug. Vogel, Zeitich. anaiyt. Cliem., 6< 273, is inferior to Method A (bvflpedfic gravity), 

proceeds as follows: — Carefully determine, in It finds useful application, however, in testing 

the first place, the specific gravi^ of the sac' wines and beers, since it has been found that 

charine spirit at IS" upon a balance. Then the foreign substances, other than alcohol and 

■weigh out about 150 c. c. of tlie liquor in a water, in fermented liquors, have little inllu- 

tai^ fl^k, and boil to expel alcohol, until ence upon the boiling point of the mixed, 

about half of the liquid has evaporated. Re- alcohol and water. Enou^ sugar or common 

move the flask Irom the lamp, place it upon a salt may bo added to spirit of 20 per cent, by 

balance, and pour in water until the weight of volume, to reduce the Uquor to 0° of Gay- 

the flask and contents is the same as before Iiussac's alcoholometer without altering the 

boiling. Cool the aqueous solution of sugar to boiling point of the spirit to any appreciable 

15°, and determine >la specific M^vity. Look extent. Several forms of Ebuliioscopes have 

up in the published tables (Diet. Sols., Art. been invented for testing wine and beer. For 

Sugar) the percentage of Sugar, S, which a report upon the various forms of this inftru- 

corresponds to the observed specific gravity; ment, see Despretz and others, Complex Ren- 

100 — S (=-A) will then represent the percent- rfus, 27. 374. A recent fbrm of ebullio scope, 

age of mixed water and alcohol in the Uquor by Brossard-Vida!, is described in Zeitsch. 

under examination. The specific gravity of anaiyt. Chera., 18G4, 8. 223. Wagner, in his 

this plain spirit may be found by the formiSa: Jahreshenckl chem. Tech. 1863, 9. 545, ape- 

lUKkDxA ci ally commends tie ebullioseojTO of Tabarie. 

" ^ Wu-uk s j Kbullioscopes are much used for testing wine 

. . and beer, and the results obtained by them 

in which D = the specific gravity of the ongi- compare very fiivorably with those obtained 

nal mixtui-e of sugar and spirit. ^ When the ^y the method of distillation. (See Jindcr 

specific gravity of tlie phiin spirit IS known. It Alcohol). — In boiling beer it is well to 

is easy to obtain its percentage composition by add to the liquid a trace of tannic acid to pro- 

reterring to the published tables (Diet. Sols., irent frothins'. 

Art. Alcohol), and from the composition of Method c' By defermining the Tension of 

the plain spmt, that of the original aacchiUTne a^g y„p^._ An instrument called a Vaporimo- 

liquor may be eaady calculated. — The ter has been constructed by Geissler for this 

formula above given is obtamed as follows : — pumoge. It consists of a vessel provided with 

Tlie specific gravity of cane sugar being 1.606, ^ syphon tube, fitted by grinding to an orifice 

and that of the orioinal saccharine liouor D. .4. !., * t. ;„ i™.™?.^ c^ii.™.D._._Tifntnni,. 



and that of the original saccharine liquor D, at its top. It is employed as foUows:— Metallic 

let 3: represent tlie specific gravity of tlie plain mercury is poured into the vessel up to a eei^ 

spirit. The volume of the plain spirit will be tain mark, and the space abore the mei-cuiy 

- and that of the percentage of sugar ji; fiUod with the spirit to be tested; the syphon 

lionce tube is then put in place, and the whole ap- 

Sii.ar.ofthemiiiureiD-iroi (^ + _?-) paratus tiimed upside down. The quicksilver 

^j;^ ^ '-™^ immediately fiills mto the bent tube and closes 

X = 11W6 y.ox \ the spirit against contact with the air. The 

iBu.ii ~ 1) X s ■ apparatus is then placed in an atmosphere of 

— ~~ • steam, in the upper part,of a vessel in which 

' For Iho detnils of Alooholomefry, ape Hmu!>enm-Hif- „,,f,.„ U lioilhur «, l-linf viiior mnvlji' c'Volvfd 

hHrk 'hi- fliaaii. flraunsoJiwwB.lgSli. 1.4W3. Or almost ^"''-'^ "* "oilmg, so tLiat va)>or niaj iM.cjoivt'i 

eur o( the large DictiiaiBriea uf Clietniati). froin the spiriL The pressure exerted by the 
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ALKALIMETRY. 17 

alcohol Tapor, forces a portion of tho merciirj' the tube with the publishecl tables, in order to 

to rise into the sj-phon tuhe, and from tho obtain the percentage of alcohol. (Euynolds, 

height of this column of mercury, corrected for London Pharm.Journ. and Trans., [2.] 9. 171, 

the atmopphcric pressuru at the moment of and Zeitxck, antdyt. Chem,., 1868, 7. 358). 
observation, the tension of the vapor ia deter- MeihodF. By Ultimate Analysis. A weighed 

mined. The apparatus is usuEilly provided portion of any miiture of alcohol and pure 

with an empirical scale, which indicates the water conld he humed hy means of an oxidiz- 

proportion of spirit in terms of per cent by ing agent (see Carbon), the resulting carbonic 

volume. acid weighed, and the quantity of alcohol 

Applxcathns. Determination of the proper- computed from these data. But the method 

tion of alcohol in solutions charged with sugar, would only be of scientific interest. It has no 

It has been found that with solutions cont-ain- practical application, 

ing salts, sach as chloride of sodium, the Alkalimetry. 

tension of the vapor evolved at any givKO A term aprphed to the estimation of free 

temperatunj is greater tlian it would be for a alkalies and alkaline carbonates. 
niixtiuNi of alcohol and pure water. But sugar Method A. By Specific Gi-av'ty. In pure 

exorte no mfluence. In case the saeehannc or ncKrly pure solutions of ammonia, or of tho 

spirit to be tested contains carbonic acid, or hydrates of sodium and potassitun, the propor- 

any other volatile acid, the liijuid must be tion of alkali may be inferred witli feilerablo 

saturated with lime before placmg it in the accuracy from the specific gravity of the solu- 

vaporimeter. The method is of course one of tion. (See Acidunetry). But the method is of 

teclmical, rather than of scientific, application, less general applieamlity witli alkalies than 

Method D. By Determining the Eate of with aoids, since, with tie exception of am- 

Bxpannwrt of (he Litj^d by Heat. Instruments monia-wator, alkaline solutions are rarely found 

have been constructed for this purpose hy pure. 

Silbermann {Comptes Rendvt, 27. 418) and Method B. By neutralization with an add 

by Makins (Journal of Chemeid Soe., London, solution of deteimined itrengOi. This metliod 

2. 324). Sdhormann's Dilatometer consists of is the precise opposite of the metliod of Acid- 

a thermometer tube, which ia filled up to a imetry by saturation, already described. It 

certain mark with the spirit to be tested, at consistB in determining how much acid of 

the temperature of 26°. The air which the known strength is required to neutrivlizo a 

liquid lioids dissolved is then removed by meaaa definite weig&t of the sample of alkali under 

of an air pump, and the tube and '|P>nt Imaliy examination. 

exposed to a temperature of So°. The amount The chief requisite in this process is of course 

of expansion is observed, and the proportion the etartdard or test add; which may be made 

of alcohol in the sample found by r^irring to either from sulphuric, oxalic, chlorhydric or 

a scale previously graduated by direct olicr- nitric acid, according to cjrcuinstajices. 
vatjons upon samples of spirit of known Standard acid may be prepared either by 

strength. dissolving a definite weifrht of a crystallized 

Applications. The instrument can be used acid, such as oxahc acid, in water, in such 

with mixtures containing sugar or salt, since nianner that each e. c. of tlio solution shall 

these substances have ijeen found to exert little contain a certmn proportion of the dry acid ; 

or no inHuence on the expansibility of spirit. or by adding the reqmsite proportion of water 

Method E. By Capillary Attraction, Tho to any moderately dilute solution of sulphuric, 

instrument known as a Liquometer, in which chlorhydric, or nitric acid, after the proportion 

the determination is made, consists of a capii- of real acid in that particular sample has been 

lary glass tube 4 inches long, graduated to 20 determined by analysis or by titration. The 

degrees, and fitted to a hole in the cover of a details of the several methods will be given 

glass vessel so that it can be elevated or de- below. 

pressed in the vessel. Atler the glass vessel Standard acid is often made of such st 

has been three quarters filled with the spirit to that a litre (= 1000 o. c.) of it shall e 

he tested, the capillary tube is pushed down so exactly one equivalent of the dry acid, ex- 

that about 0.1 inch of the lower end of the pressed in terms of grammes; it is then called 

tube sliall be immersed in the liquid; a quan- " nm-nial acid." Thus normal chlorhydric 

tity of tho spirit is drawn up into the tube by acid should contain 36.5 grms. of HCl to tho 

sucking at the u^er end to moisten its walls, Utre, and normal sulphuric acid 40 grammes 

and the tube again drawn up carefully until its of SOg. Equal volumes of ditferent normal 

lower end is precisely level with the surface of acids have of course the same power of satu- 

the spirit. Again suck carefitlly at the top of rating alkalies. Sometimes the test acid ia 

fhe tahe, so Hiat the liquid may rise in the made to contain only afraetion of the quantity 

tube, and ^terwards note the point at which of real acid which would be required it it were 

theliquid remains stationary whenitis allowed normal. Thus an acid containing 7..S grms. 

Lnsiiit bMk towanla tlic ■!\am venscl. Com- IICI to tb<^ )itr|., is caller! "niu.-lilili uonnid," 

p;u-c the decree itt whith the spirit stiluda in wlilic one that i;oiitaiiia 3.CJ gviiia. ia "one- 
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tenth normal." Several methods of preparing be discovered 
staixlard acids will be set forth in the tbllow- is retjuired ti. 
ing paragraphs. pure carbonate f so 1 urn Tl e determination 
Standard Sttlphuric Acid. V^^y be made c the n the m nner described 
,„,,....„ ■ ■ m S «, or, more ac atelj by that sot forth m 
A. Normal SidphurtcAcd. CounterpoL^ . ^ 'j^ {^ t„ be oh e ve'd as a general rule, 
a smaU flask or beaker mth shot or s^d upon ^^^ ^ standard a 1 s beat p e^ by the 
a rough balance, and we^^h out m 'tGO^ms. ^^^ ^^^j^^ ^^ jj^j ^^ ^^ich it is to be sub- 
of concentrated sulphunc aeid. Put 1050 e.e. ^ntly used. If sulphuric acid, for esam- 
pf water in a large fia^k and ponr the acid into .J .^ ^^ ^^ ^^^^ j.^ ^^^^ d,^ ,^1„^ „f 
tlie water while shaking the flask. After the ^^^^^1^1 carbonate of sodiinS, it should bo 
mixture has become cold, jiour a psu-t of it standardized against pure carbonate of so<lium 
mto a burette measure off into beakers two ^ j^ ^^^^ ^j^,^ i^ gi^^^^, to bo 
portions, of about 20 c. e.each, of the liquid ^^^^^ i„ 'testing the commemal carbonate, 
and determine the qiiantitj; of sulphune acid i-^_ y^.^ ^^^ „ ^ ^^ ^^ ^^^^ ,j,t;_ 
m eaeh portion bv precipitating it as Sulphate ^^^ j^j^ j^ \^^^ ^^ ^^ ^^^ ^ „^t^,jj 
ofBanum. If the results of these detenmna- from 4.6 to 5 grms. of pure, anhydrous earbon- 
Uons are concordant, take the mean of the two ^^^ ^^ ^jj^^e ^^^^ r^^ ^^^ i^ ^ capacious 
as representing the amount rf acid actually ^^^ ^^ porcel^n dish, dissolve it in about 200 
contained m the mixture, ^f^ the rest_ of ^^ ^_ ^ ^^ ^ ^^^ ^^,^ U^^ ^j^t;^„ blue 
the i«;id solution into a graduated mixing ^.^j^ 1 or 2 c. c. of a solution of litmus (or, 
cyhnSer, note its volume and pour in as much .^^^^ ^ ^^ ^^j^^ ^j^^ ^^j^ ^^^^^^^^^ ^^t^ 
waWrasmaybe required to dilute the l^uid Coehineal, or with Logwood). - Mix about 
to the condiuon of normal acid (i.e., 40 gri is. j. ordinary? monohydrated sulpburio 
to the litre>. If it were found, for example ^j^^jj, ^^(, ^_ c. of water, allow the solution 
that the 20 e. c. of liquid tested contained ^ ^^j ^^ f^^^ ^ ^^^^^^^ ^^^ t^e cold dilute 
0.84 grm. of sulphuric acid, then 1000 c.e. ^i^t„^g_ j^^ ^^^ ^^^^^i^^ oj- earbonale of 
would contain 42 grms., and to every 1000 e. e. j^ ^ j^^ ^ ^^^ gradually 
of the solution 50 c. c. of water would have to ^^^ j^^ ^^^^ ^^^^ burette, tlie cSd dilut^ 
be added, lor ^ ^;j^ y„|.-,l ^j^g p^lor of the solution changes to 
M;iooi)-=ffiii(-io50). . ^ ^.^^ ^^j, ^j^^^ place the flask or dish over a 
In defeult of a mixing cylinder, the dilution lamp and heat its contents to boiling. The 
may be effected in a litre-flask, aa follows: — wine red coloration is caused by the action of 
Fill the flask up to the mark upon its neck carbonic acid which has been set free, and the 
with the acid mixture to he diluted, so that the liijuid is heated in order to drive out this vol- 
lower edge of the curved depression at the top atile acid. As soon as the color of the liquid 
of the liquor shall coincide with the line upon has become blue again pour more sulphuric 
the glass; empty the liquid carefully into a acid from the burette into the nearly boiling 
laree stoppered bottle; measure off with # liquid, until the solution assumes the peculiar 
pipette or burette the amount of water re- deep red color, slightly inclined to orange, 
quired for the dilution; transfer this water to which is characteristic of the strong acids, 
flie flask from which the aeid has just been Since, in liquids thus charged with carbonic 
poured; shake the flask thoroughly, and add its acid it is not easy to determme when the op- 
contents to those of the bottle; shake the hot- oration is finished, if the color of the dissolved 
tie thoroughly, pour back half its contents into litmus be alone relied upon, litmus paper_ must 
the Utre-tfask, agitate the latter, pour back the be used towards the close of the operation in 
liquid from the flask into the bottle, again order to detect the precise point of saturation, 
shake the bottle and keep its contents for use. Hence, after the liquid has become wine red, 
As is the case with all standard solutions, take care to add Ihe sulphuric acid only by 
thu bottle should always he shaken just before small portions, finally at the rate of only two 
any portion of its contents are to be poured drops at once, and after each addition of the 
out for use, unless indeed it be absolutely iiill aeid draw the point of the stirring rod across a 
of liquid. For when a bottle is but partly strip of blue litmus paper, one or two inches 
filled with a solution, some water is apt to wide, so that red streaks may be formed upon 
evaporate into the space above the hquid and the paper in regular order, and each streak 
condense there upon the glass in such manner correspond to a fresh addition of the acid, 
that if a small portion of liquid was to be Proceed in this manner until the color of tlie 
poured out of the bottle without shaking, it liquid in the dish indicates that the point of 
would wash off the condensed water and be- eatiuTition has been passed, then note the nmn- 
eome slightly diluted, while the liquid remain- ber of c. c. of acid which have been poured 
ing in the bottie would he left a tnfle stronger from the burette, dir the strip rf litmus paper 
^er each pouring. at ^ gentle heat, and observe which one of' the 
Instead of determining the sulphuric acid streaks uiion the paper just remains red when 
by precipitating it as sulphate of barium, tlie dry. The red color of all tliose streaks which 
proportion of acid in the sample chosen may were reddened with carbonic acid will com- 
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pletely disappear as the paper becomea dr^, £tant for hours; it is tmaifected by the car- 

whik the reddening due to sulphuric acid will bonio acid of the nir. When tkree or four 

reniain viaiblis; it is an easy matter, therefore, coneordant results have been obtained, the 

to deteraiint! how great an excess of the acid, average is taken as expressing the relative 

has been used, by simply couutiug the number strength of the aeid and alkali. (Luckow, 

ofredstreakBleftupouthedrypaper. Aquarter Joam. prakl. Chetn., 84. 424, tlirough Amer. 

of a cubic centimetre (or whatever two drops Joytm. Set., 1863, 36. 280). ' 

may amount to in terms of the burette em- fi. Mix concentrated sulphuric acid, of 

ployed) is then to be deducted from the total known specific gravity, witfi enough water 

number of c. c. of acid used for every one of that the mixture may contain rather more than 

the streaks. Besides the sum of these drops one equivalent of the anh^Tirous acid for every 

used in excess, it ia best to subtract also troia 100 parts of liquid. Weigh out 1 to 1.5 grm. 

the total amount of acid used one ijuartcr of of pure anhydrous carbonate of sodium, place 

one c. c., wluch has gone to neutralize the al- it in a flask or porcelain dish of 300 or 400 

kali in the UtmuB employed for coloring. c. v. capacity, dissolve it in lOO or 160 c. c. of 

Repeat the experiment with new. jiortions water, and pour iiito the liquid a measured 

of carbonate of sodium and of the ai:id, and quantity a of the cold acid. Take 1 c. c. at 

in case the two results agree, proceed to dilute tuo acid for every 0.0053 grm. of the carbon- 

the acid to the desired degree in the manner ate, so that the acid may be distinctly in ex- 

already described. cess. Boil the solution to expel the carbonic 

For some eyes, an infusion of Cochineal aeid, then color it slightly red witli a meas- 

poseesses great advantages over the solution of ured quantity of litmus solution and pour into 

UtmuB, as a means of recognizing the point of tlie hot liquid, from a burette, a dilute solution 

neutralization. To prepare the liquor, put 3 of caustic soda of undetermined strength, un- 

grammcs of powdered cocbineal in a flask, to- lil the last drop of the soda produces a distinct 

gether with 50 c. c. of strong alcohol and 200 light blue color, unmixed with »ioiet. If the 

c. c. of distilled water, cork the flask and let solution is only slightiy colored with litmus, 

the mixture digest for a day or two at the and is free from carbonic aeid, it is easy to 

ordinary temperature, shaking it frequently, determine the point of saturation with great 

The clear solution, which may be eiliier de- exactitude, otherwise some difficulty m met 

canted or filtered from the residue, has a deep with from the blue tint at first formeil chang- 

ruby-red color. On gradually diluting it with ing to violet. 

pure water, free from ammonia, it becomes Write down tiie number of c. c, 6, of the 

orange, and finally yellowish-orange. Caustic soda solution required to neutralize the excess 

alkaliea and atktdine carbonates change the of acid. Then measure out a fresh portion, e 

color to a carmine or violet carmine, and so (= 20 or 30 c. c), of tlie dilute acid, and 

do the alkahne earths and their carbonates ; determine how many c. c, b', of the soda solu' 

solutions of strong acids and acid salts make it tion are required to neutralize it. From this 

orange or yellowish-orange, but to carbonic last determination it will appear that I c. c. of 

acid it fe nearly indifferent. In using cochi- ^^^ ^^^ ^^jj^^ j^ equivalent to =c. c. of the 

neal, the solution to be tested should no* Iwi ^ P 



heated. It is simply necessary to measure out dilute atad. Hence there was employed in the 

a given volume, say 20 c. c. of the acid, to previous experiment ^c cubic centimetres more 

dilute it »ltl. about ISO c. e. of w«tOT, to add „,■ ^ ^^ ^^ „„,,, ^ ^^^j ^ u.utrdizo 

10 djop, of th. e,rf,m(«l tquop a«d » pour „ „ „„ ^, c.rbou.to of .odium; or 

in alkali from a burette untU the yellowish ^j " 

liquor in the flask suddenly acquires a violet- « — j7 cubic centimetres ol the acid would have 

carmine tinge through the action of a single precisely neutralized the carbonate of sodium 

drop of the alkali. ,^^^^ Hence if a — - cubic centimetres of 

In nicer determinations it is important to ' 'ft' 

bring the liquid each time U> a given volume, the acid be diluted with water to the bulk of a 

by adding water ^ier the neutralization is cubic centimetres, the solution will be normal, 

nearly finished. To note the level of the Compare Standard Nitric_ Acid, below, 

proper amount of liquid, say 200 c. c, strips Standard sulphuric acid may be prepared 

of p^er way be pasted upon the beakers or also by decomposing a known weight of sul- 



tlms always diflused in the same volume of tlie 21 0). Put a quantity of pure powdered ^ut- 



ivide-necked flasks employed. phate of copper wi^ sulphydric acid, as pro- 

■ •■ ■ ■ --^■- .--=-- puaed hyGibbs(,rflni«r. /ot(m. Sci., 1867, 44, 

210). Put a quantity of pure powdered ^ut- 

t viu'jiiig degrees of phate of copper in a iiorcehun crucible placed 

dilution and varying amounts ot ammonia, within a Ilessian crncible, and heat the sul- 

^hich is rarely absent from distilled water, are phate tor about an hour, tiGdng care to raise 

avoided, COie contents of one flask, in whieh the temperature gradually, and that the heat 

the neutralization has been satisfiictorily ef- sliall at no time exceed bw redness. Transter 

fiicted, may be kept as a standard of color for the hot anhydrous siilpliate to « dry weighing 

the Buceediug trials. The tint remans con- tube, close the tube, and after it has become 
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20 ALKAUMETRT. 

cold weigh out a quantity of the sulphate, as will be described directly imdej' St.indard 

Dissolve the weighed su3pliate in ■water, lieat Hitric Acid, 

the solation to boiling, pass a stream of sul- Standard Oxalic Acid. Weigh out fiS grins, 

phuretted hjdrogou fiirongh it to precipitate (thoweight of one equiv.) of crj-stallizud oxalic 

the copper (see Acidimetty), and dOute the add, transfer it to a litre flask, add water 

filtrate and wash water to a knoivn volume, enough to neai'ly fill the flask, shake tho mix- 

The quantJty of sulphuric acid in the solution ture until the at-id has all dissolved, bring tlie 

is known from the weight of the anhydi-ous liquid to the temperature of 16°, and pour in 

Bulphate taken. water up to the litre mark ; again shidie the 
solution thoroBglily, then pom- it into a stop- 

Forteehnicaldetenninationeit is convenient pered bottle and keep it protected irom auu- 
to make the standard acid of such strength that light. Since the OiaUc acid found in com- 
50 c. c. of it will exactly neutralize 6 grms. of merce is usually contaminated with polaseluin, 
pure carbonate of sodium. Such acid may be it is beat to prepare a pure ajiid directly by . 
used for testing the value of either of the ecting upoo; starch witii nitric acid, azid re- 
canstic or cai'bonated alkalies; and the number crystallizing the product. (See Oxalic Acid), 
of half c. c. of it required to produce satura- Standard Nitric Acid may be readily pre- 
tion, in amy particular case, will correspond pared by the method described above m g fi, 
directly to the per cent of alkaline carbonate nnder the head of standard sulphuric acid, 
or caustic alkaU contained in the sample tested. Instead of carbonate of sodium, carbonate of 
provided there be weighed out for the analysis calcium may be employed. It has the advan- 
a quantity of material equivalent to 5 grms, tage of being more readily obtained in a state 
of carbonate of sodium. The eqiuvalent ofpurity tlian carbonate of sodium. An out- 
quantities capable of saturating 60 c. c. of line of the process may here be re-Btat«d: — 
Qiis standard acid are respectively; — Prepare a quantity of dilute nitric acid, in 
ir.^i,4.joj- cnnn™, s"*^'' '"'^ t'"^* ^^^ Strength of this acid, as in- 
"HydraM ■■-"""■. ■.'.'. Ito*™ dlcated by the hydrometer, shall be somewhat 
" Carbonate of PotasBium. . . 0.^ ^ p'eater than that of the desired standard acid. 
Hydrate " " ... S-3B2 Prepare also a solution of caustic soda, about 

If 5 grms. of an impure carbonate of sodium, ^ strong as the acid, and determine b^ titra- 

or 6.519 grms. of common pearlash be weighed tion how many c. c. of this soda solution are 

out and titrated with the acid in question, the requu-ed to nentrahze a measured quantity of 

number of half c. c. used will in the one case *te acid. Weigh out about 1 gnu. of pure 

give the per cent of pure carbonate of sodium, carbonat* of calcium (cither powdered Iceland 

and in the other of pure carbonate of potas- spar or the precipitated carbonate) which has 

Mum, which the samples contain, without need fx^en dried at 100°, and dissolve it in a meas- 

of any calculation. Where substances poor in «i«d quantity of the nitric acid. Heat tiie 

alkali are to be tested, some multiple of the mixture gently to expel carbonic acid, color it 

numbers above given may be weighed out. with litmus, and finally pour into the iiqaid as 

Standard CMorhydrio Add. Mix 900 c. c. ™"cli of ti^e soda as is needed to neutralize the 

of water with 180 c. c. of chlorhydric acid of nitric acid which was used in excess. Nolo 

1.12 specific gravity, measure out with a bu- tie quantity of soda solution employed, calcu- 

lette two portions of from 10 to 20 c. e., and ^^t^ therefirom the number of c. c. of nitric acid 

determine the quantity of chlorhydric acid in which were used in excess, and subtract tliis 

each portion by precipitation, as Chloride of amount from the total amount of acid taken to 

Silver. If the two results are concordant, dissolve the carbonate. The remainder will 

take the mean and calculate therefrom how g^^^ the number of c. c. of acid which are 

much water must be added to the acid tested equivalent to the weighed quantity of carbon- 

to reduce it to the normal strength. If it were B.ie of calcium; in other words, it will indieal* 

foimd, for example, that 20 c. c. of the acid what portion of the acid was neutralized by the 

contained 0.81 grm. of HCt, then a litre would calcium salt. The weight of dry acid In this 

contain 40.5 grms. and poi-tion may now be found by the proportion : 

so that 111 e. e. of water would have to be ^icos " k^^ ~ uksn' * bi!V."cac(ir 
added to each litre of the acid. xiie value of the acid having thus been de- 

Instead of determining the amount of chlor- termined, proceed to dilute what remains of it 

hydric acid by precipitation, as chloride of to the required standard, in the manner al- 

gflver, it may be estimated with carbonate of ready described. (Standard Sulphuric Acid), 
sodium in the manner described above, under ' 
standard sulphuric acid; but before boiling the In som 

liquid to expel carbonic acid, a few grammes employ a __ 

of sulphate of sodium must be addeil to pre- sodium instead of tho clry salt. Tlie s 

vent the evolution of chlorhydric acid. Or it solution may l>e prepared with case by siuqily 

may be estimated with carbonate of calcium, dissolving a weighed quantity ol' pure cai'- 
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ALKALIMETRY. 21 

bonatc of sodium in the required volume of poured upon it from & burette until tho alkali 

■mater. By using meaaureil portions of tliis is saturated. (See standard sulphuric acid a). 

eolution the operator has it in hia power to Or an excess of the standard acid is added in 

mate several titrations from the product of a the beginning to the weighed sample of alkali, 

Bingle weighing. Eeiscbauer (Dirtgler'a poly- the mixture boiled to expel carbonic acid, and 

tecK. J'ourrt., 167. 47) recommends the use of the excess of the standard acid estimatod with 

a normal solution of tie carbonate, made by a standard solution of causlio soda, (See Acid- 

dissolviDg53 grms. of the salt to tiis volume of Imetry and standard sulphuric acid ^. 
a litre. To prepare a standard acid hy means The (]uantity of material to be taken for 

of tbb solution, measure off 10 c. c. ( ^ 0.53 analysis m any particular case, may be judged 

gnu.) of it with a pipette, mix it with an ex- of, from what has been siud above, under 

cess of the acid to be standardised, and neu- standard sulpTinric acid. In order to diminish 

tralize ttis excess with caustic soda, as above the errors incidental to weighing, it is often 

described. best, in the lack of a delicate balance, to weigh 

Merits of ike several Acids. Test acid may out a quantity of material ten times as large 
be prepared more simply and directly from as is really wanted. The weighei! snbstance is 
oxaUc a<»d tlian frum either of the other com- then dissolved in half a litre of water, and one 
mon acids. Oxalic acid may readily be made or two portions rf it, each of 50 c. c, are 
pure and dry, in spite of current assertions to taken out with a pipette for analysis. In case 
the contrary, ana were it not for a certain any portion of the weighed substance refuses 
tendency to decomposition which is exhibited to dissolve in water, the liquid should be lil- 
by aqueous solutions of this acid when exposed tered and the residue washed before proceed- 
to light, they would doubtless be very generally ing to the acid treatment, or better, the liquid 
employed in processes of alkalimetry. may be allowed to stand until it has become 

Chtorhydrio acid has special merit, in that clear, and a definite portion of tho clear liquor 

the fiutdamental determinatioa of the proper- then taken up with a pipette for the analysis, 

tion of acid in any given sample may bo Care mustof course bo taken, in the first place, 

made with very great accuracy by precipita- to obtain a fair sample of the material to be 

tion, as chloride irf' silver. tested by taking smiul portions of it from many 

Sulphuric acid, which is perhaps more fre- parts of the entire mass and rubbmg them 

guently employed than either oxalic or cUor- tlioroughly together in a mortar. 
Eydric acid, has the advantage of being less According to Baugart&Wildenstein(Z'e!(scA. 

. volatile than the latter, and less liable to analT/t. Chem., 1864, 3. 324), it is well, in 

change than the former. Dilute solutions cf technical determinations of the value of alka- 

sulphuric acid may be boiled fl-eely without line carbonates, to check the fixithing, which 

fear of loss. When standard chlorhydric acid, occurs when acid is added to the liquor, by 

on the contrary, has to be boiled, it is best to means of a layer of melted parafflne. A small 

mix with it a quantity of sulphate of sodium quantity of paralEne thrown upon the boiling 

to hinder the evolution of chlorhydric acid, solution, of carbonate of sodium, contained, as 

In any event, care should be taken both with usual, in a large evaporating dish, will imrae- 

ohlorhydric and nitric acids, that only a very diatoly melt and spread over the entire surface 

slight excess of acid be present when a liquid of the liquor, in such manner that no perma- 

is to be boiled. Nitric acid has no advantage nent frotli can form upon the surface of the 

over chlorhydric acid, excepting that it vola- liquid. The titration may consequently be 

tilizes somewhat leas readily than the latter proceeded with without delay or interruption, 

when a dilote solution is boiled. A lew decigrammes of paramne are sufficient 

Sulphuric acid is well suited for the estima- for a surfeoe 12 c. m. in diameter. In order 

tion of sodium, potassium and magnesium, but ta reduce the parafiine to convenient fhape, 

cannot be used for determining calcium, ba- dip a not too thin glass rod into a quantity of 

rium or strontium; either nitric or chlorhydric melted paraifine, brmg the rod close to the sui^ 

acid most be employed when the oxides, hy- iaee of a quantity of cold water, and then 

drates or carbonates of these metals are to ba allow the drops of the l^ot liquid to fell into 

titrated. tho water. Dry the solidified drops on filter 

Tartaric acid, at one time proposed as a sub- paper and keep for use; 2 or 3 of them will 

stitute for sulphuric acid in alkalimetry, is not be found sufficient for a single alkali determ- 

woll adapted for use as a standard acid, since ination, 

aqueous solutions of it are liable to decompose Estimation of tiie proportion of Caustic Al- 

on standing. kali and of AlkaUne Carbonate in 



The Actual Determination of the proportion tainin^ both these svistanees. 

of alkali in any sample of unknown value, fol- Weigh out from 15 to 20 grms. of the im- 

lows, frvam. what has been said above, without purs carbonate to be tested, and dissolve it in 

need of further description. A weighed quan- water in a quartsr-litrc flask. When tiie solu- 

tity of the material to be tested is dissolved in hie portion of the substance has all dissolved, 

about 300 c. c. of water, the solution is colored fdl tiie flask with water to tive mark and shake 

with 1 or a e. c. of litmus, and standard acid is its contents thoroughly. Cork the flask in 
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onier to cxi'luilu the oarbrtnic ai'iil of the air, The process yielik tolerably good results, bat 
and allow the liquid to stand until it has be- is less accurate and far less eonveniont aiid 
come clear. Draw off with a nipetl* two por- expeditions llian the metliod by nentralization 
tions of the solution, each of 100 c. c, and irith a standard acid. It is consequently scl- 
determine the total amount of alkali in one dom employed in practice. It was at one time 
portion by titration with a standard acid, somewhat used for determining the proportion 
iTiis "total alkali" mav be set down either as of a,lkttline carbonate inniixturcs of caustic and 
cart>onate of the alkali , or as caustic alkali, carbonated alkali, after the total alkali value 
according as one or the other of these ingre- of the sample had been ascertained. He beat 
dients preponderates in the SMnple under ex- way of determining the total idkali value ia by 
amination. Allow the other 100 c. c. portion titration with a standard acid, either directly 
of the solution to flow into a quarter-litre flask, or indirectly, as has been already describefl. 
add to it 100 c. c. of water and a solution of But in lack of an aeid of determined strength, 
chloride of barium, as long as a precipitate the total alkali value of any sample of mixed 
jails. Fill tiie flask with water to the mark, caustic and carbonated alkali may readily be 
cork it and leave the mixture at rest, until all determined by the method of expelling car- 
the carbonate of barium has been deposited bonic acid. To this end expose a portion of 
and the liquid has become dear. Draw off the sample to carbonic acid gas, until all the 
100 c. c. of the clear solution, color it with caustic alkali present has been saturated, fenite 
litmus, add standard chlorhydric acid to di&- to destroy any bicarbonate which may have 
tinct acid reaction, and note the quantity of been formed, and finally determine the car- 
acid used. Neutralize the excess of acid bonic acid in the manner already describeiL 
with a standard solution of caustic soda, and In another portion of the original sample, 
subtract this excess fiom the whole amount which has been subjected to no treatment, 
of acid taken. The difference wiE rive the except drying, determine the amount of alka- 
amount of acid which has been neutrSized by line cavbonate. The difference between the 
the CiLustic alkali in the portion of material two determinations will indicate the proportion 
subjected to analysis, and &om the weight of of caustic alkali in the substance analyzed, 
the acid, that of the alkali equivalent to it may Another method of estimating caustic alkali 
readily be found by calculation. Finally sub- in presence of an alkaline carbonate, will be 
tract the wfflght of caustic alkali thus obtained found above, under Principle I, 
from the total weight of alkali as ibund by Each of the processes of alkalimetry above 
titration in the other portion of the solution, described is liable to error when the substance 
in order to obtrun the amount of alkali which to be tested is contaminated with certain im- 
must be regarded as a carbonate. purities. The special precautions to be taken 
According to A. Mueller, the solution to in order to correct or avwd these errors, will 
which chlonde of barium has been added must be described further oa, under the heads of tiio 
not be filtered. It contains caustic baryta as several alkalies and alkaline carijonates. Por 
well as caustic alkali and alkaline ohiorido. the methods of estimating potassium in pres- 
It is found that a filter retains some of the ence of sodium, see KCl; 2KCI, FtCl,; KCIO,; 
baryta, and that a little of the caustic alkali KjSO;,. 

mi}'ht thus be lost. Aluminate of Ethylamin. See 

Another method of estimating canstic dkali Aluminate of Sodium. 

when mixed with an alkaline carbonate, will Aluminate Of PotaSSiuiTI. Soo 

be given below, under Principle II. Aluminate of Sodium. 

Principle II. Volatility of carbonic acid. Alumlnate Of Sodium, 

ApjAicationg. Determination of the amount Principle. Solubility in water. 

■ of pure alkaline carbonate in sal^r^us and Applications. Separation of Al from Fo, 

the other commercial carbonates of sodium and and from small quantities of Mn. Also from 

potassium. Co and Ni (Method B). Method B is spe- 

Melhod. A weighed quantity of the alkar- eially adapted for the treatment of mixtures of 

line carbonate to be examined is treated with the oxides of iron and aluminum which have 

an excess of sulphuric acid in an appropriate been ignited, and so rendered insoluble in 

apparatus (see Carbonic Acid), and Uie weight caustic lyes. 

oi' tiie carbonic acid expelled from it is deter- Method A. Evaporate the chloriiydric acid 

mined either by wdghing the apparatus before solution of aluminum, etc., to dryness on a 

and after tiio experiment, and calling the loss water bath, in order to remove the excess of 

carbonic acid, or by absorbing the gas in soda acid. Take up the residue witii water, and in 

lime and weighing it as such. (See Carbonic ease the solution is cloudy, add a drop of 

Acid). From the quantity of carbonic acid strong chlorhydric acid and warm flie mixture 

found, the propoition of alkaline carbonate in upon the water bath to dear it. Pour slowly 

the sample tested is obtained by calculation:— a quantity of not too dilute soda or potash lye 

Enuiv. Emiti. wt 'WaiEiit wt. of NnsCOj into a poTccliun dish, or better, into a largo 

gof • (mI^cJJj " &S '■ " ' KSS^ planum or silver crucible; place the <Mi or 



,y Google 



AiUMINATE OF SODIUM. 23 

cnieiHe npon a water bath Mid heat the latter wash the filter with wSrttlSKMajf and eollect 

to boiling. Stir the hot lye with a, stiff piati- the washings in a beaker. Add concentrated 

tmm wire, and slowly pour into it the solntion soda lye to the liquid in the dish until the ex- 

of aluminum, ete. Eaeh partieic of the alu- cess of acid is almost neutralised. Heat the 

minum compound is thus brought into intimate liquid hi boiling, remove the lamp anil place 

contact with a large excess of free alkali, and in the dish a lump of hydrate of swiium or 

is converted into a soluble aluminate of the hydrate of potassium, larce enough to dissolve 

alkali, while the iron is thrown down as a, hy- all the aluminum which Uie mixture contains, 

drate. When the litst portion of the aluminum If the proportion of iron in the mixture he 

solution has been washed into the dish wliich small, the precipitate produced by the soda 

contains the alkali, nour the alkaline miKlure will, alter a short time, contain little or no 

upon a filter, wash-the ferric hydrate and pre- aluminum, but only ferric or manganic hydrate, 

cmitate the aluminum from the filtrate, as Pour the contents of the dish into the beaker 

ifydrate of Aluminum, b)' boiling the lig^uor which contains the rinsings of the filter, and 

with an excess of chloride of ammonium, wash the diah thoroughly with water. Kltcr 

(LoBwe, Zeitsch. analyt. Ckem., 1865, 4, 357). off the aluminate of sodium from the insoluble 

After a little experience, the amount of precipitate, wash the latter with boiling water, 

alkali to be employed may be judged of from dissolve it in chlorhydvic acid, and precipitate 

the quantity of residue left on evaporating the the iron as Hydrate of Iron. Acidulate the 

chlorhydric acid solution of aluminum, etc. filtrate with chlorhydric acid, and precipitate 

In most cases, two or three grms. of solid hy- the aluminum as Hydrate of Aluminum. 
drate of sodium will be enough for a single Since the re 'd I f ri h d t ' li bl 

operation. If the mixture to he analyzed con- to retain I or p tfh3dtfl 

t^ns a lai^e proportion of iron, the ferric minum, it must be d sol d hi hjdn 

hydrate precipitated by the alkali will retain a aeid, and the sol tretel wth t 

certain amount of alumina. It is best, there- soda, as before, to th pi t rem I 

fore, when the amount of ferric hydrate is of the aluminu I 1 d th f rr 

large, to redissoive the washed precipitate in precipitate is so m il th t th t I w ht 

chlorhydric acid, to evaporate the chlorhydric of the aluminum ta d t m ^ fi t. 
acid solution as before, and to pour the neutral 

or nearly neutral solution into a new quantity In the foregoing cases the iron is supposed 
of hot soda lye. This second alkaline solution, to be in the fonn of a ferric salt, but some 
most of course be added to the first, after SI- chemists prefer to reduce the iron to the cen- 
tering to separate the ferric hyd te before dtion of a ferrous salt, by means of a solution 
proceeding to precipitate the alumin n Afte f Iphurous acid, or of sulphite of sodium, 
the ferric hydrate has been thoroughly wa>h d b f e proceeding lo separate it from aluminum, 
with hot water to remove the al te f Tl r method is as follows: — Heat the tolera- 
sodium, it must be again washed w th h t biy onceutrated, acid solution of aluminum, 
hut not too strong, solution of chlond f to boiling, in a flask or capacious dish, 
monium, to remove a small quantity f Ik 1 best of silver or platinum, remove tiie lamp 
which would otherwise be retained by th pre- a 1 add enough sulphite of sodium to reduce 
cipitate. The precipitate is finally washed the iron completely to the state of protoxide. 
With hot water until the filtrate no longeraives Again heat the liquor to boiling, keep it boil- 
any reaction when tested with nitrate of silver, ing for some time, and neutralize the acid with 
Since the aluminum is to be thrown down carbonate of sodium, added cautiously by small 
with chloride of ammonium, the sahne wash pieces. Pour in an excess of caustic soda or 
liquor, above mentioned, need not be kept potash lye (or of ethylamin), and continue to 
separate from the remainder of the filtrate, boil sometime longer. If much iron be pres- 
ent, the voluminous white precipitate of ferrous 

An older method of procedure is to add the hydrate thrown down at first will finally be 

alkali to the solution of aluminum and iron, converted into black, granular ferroso-ferric 

instead of pouring the aluminum solution into oxide. Kemove the lamp and allow the mix- 

the alkali. In any event, the iron and alu- ture to settie; pour the clear liquid into a filter 

minum are usually precipitated ti^ther as made of not too porous paper; boil the precip- 

hj-dratcs in the first place, and the mixed pre- itate with a freidi quantity of soda lye, and 

cipitate collected on a filter and washed. In wash it thoroughly with hot water, first by de- 

ihe old process the subsequent operations are cantation, and afterwards upon the filter. The 

as follows ; — Scrape the moist precipitate &om aluminum Is determined in the filtrate as Hy- 

the filter with a platinum spati^, and place it drate of Aluminum. 

in a porcelain, or better, a platinum dish. Set Precaulions. If, as is often the case, the 
the dish beneath the fiinnel which holds the mixture of aluminum, etc., to be analyzed, con- 
filler, and pour drops of hot chlorhydric acid tains ra^nesium, a portion of the latter will 
into the latter until all the precipitate which be left combined with the ferric hydrate upon 
had adhered to it has dissolved. Kemove the the filter. Some aluminum is ako likely to 
dish and concentrate its contents, if need be; remain undissolved in combination with the 
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magnesium. So, too, in presence of calcium substance besides water and t 

some aluminum is apt to escape solution. If ease tlie matter under examination lie contJim- 

chromiam be present, most of i( will remain inated with any non-volatile impurity, distil 

undissolved with the hydrate of iron, but a off a liv-'ge fraction of a measured ]>oi'tion of 

small quantity sometimes osidizes and passes the liquid, m described under Alcohol (vola- 

into tiie filtrate as chromato of sodium. tililrf oi), and take the specific gravity of tiie 

In case tlie iron is reduced by sulphite of distillate. If any portion of the ammonia is 

sodium, the liquid is liable to bump -violentiy combined with an acid, mix a quantity of 

before it actually boils. To prevent this bump- altali with the liquid before distuliug it, as 

ing a spiral coil of plafinum wire maybe explained below under the printaplo Volatility, 

placed in the liquid, or the flast may be (Ffa!^, Hondbuch ancdT/U Chem., IS25, 2. 2o). 

shaken continually until its contents boil. Tlie process is far inferior to those which de- 

When boiling has once begun the bumping pend upon the neutralization of ammonia by 

ceases. standard acids. 

Special care must be taken that the soda or Principle II. Power of neutralizing acide. 

potash used be fireo from aluminum and silicon. Applicaliims. Estimation of ammonia in its 

The use of a porcelain dish should be avoided aqueous solution. Absorption of ammonia gas 

if possible, since portions of the dish are dis- by acids. Use of ammonia-water as a ncu- 

Bolvedby the hot alkali, and impurities thereby tralizer and precipitant, in a multitude of 

added to the substance to be analyzed. cases, and as a standard alkali in Acidimctvy. 

Method B. Fuse the mixed oxides of alu- Me&od A. To estimate ammonia in a solu- 

minuni, iron, cobalt and nickel, with hydrate tion, weigh or measure out a quantity, say 10 

of sodium or of potassium, in a silver cruci- c. c. of the sample to be tested, add 1 or 2 c. c. 

ble. Boil the cold mass with water and filter of litmus solution, and saturate with a stanElani 

to separate the soluble aluminate from the acid in the manner described under Alkalim- 

other oxides, which remain undissolved. The etry. Or measure out a definite quantity of 

residual oxides, though fi^e from aluminum, the standard acid, color it with litmus, and 

hold a certain proportion of sodium or potas- saturate with the ammonia to be tested. In 

eiura in combination, as well as a small quan- either case, the point of saturation is hit with- 

tity of oxide of alver derived from the crucible, out difficulty. It is well always to weigh a 

Tlie silver remakis as an insoluble powder definite volume of tiie Uouid to be tested, ft* 

(chloride of Mlver) when the ferric oxide is by dividing the weight of the liquid in grms, 

treated with chlorhydric acid. by its volume in c. c, we obtain the specific 

Anhydrous oxide of aluminum, as it occurs gravity of the solution, and may subsequcatly 
in nature, is not readily attacked by alkalies, dispense with tiio balance in case any now 
Chenevis, for example (cited in Pfaff's Hand- portion of tiie liquid has to be taken for 
fruci anolyl. Ckem., 1824, 1. 449), found that analysis. The metkod of supersaturating the 
the mineral corundum could not be decomposed ammoniarwater with standard acid and do- 
by intense JMition with 6 times its weight of termining the excess of acid with a standard 
caustic potasli. To effect solution the mineral soda solution, is not to be recommended, ainee 
should De fused with bisulphate of sodium, amnioiiium salts, even when neutral, color lit- 
Chenevix fused with 200 to 250 parts of boras mus violet. 

glass and treated the product mth chlorhydric Method B. Slightiy supersaturate the ain- 

acid, monia with chlovhycliio acid, evaporate to 

Aluminum dryness at 100° to 200°, and weii;h"tlie clilo- 

Is weighed in the form of anhydrous sesqui- ride of ammonium. Or (after Mohr, Titrir- 

oxide. It is usually precipitated as a hydrate, rnelhode, 1865, 2. 68) estimato tfce cMorine in 

though sometimes as a basic acetate or fbrmi- the dry chloride of ammonium with a dlLuto 

ate, or as oxide. For the separation of alu- standard solution of nitrate of silver (see 

minum from the other metals, see the reference Chloride of Silver), and calculate how much 

list in the Appendix. ammonium would he equivalent to tliis ciiloriue. 

Ammonia. 

(Compare Nitrogen, Nitrogen compounds, With regard to the use of ammonia as a 

and Hydrate of Ammonium). reagent, the analyst should remember that the 

Principle J. CompiU^tive lightness of the ordinary ammoma-water of commerce is often 

aqueous solution, in proportion as it contains impure. Besides more or less carbonate of 

Applieation. Technical estimation of the erable quantity of a soluble compound of iron 

value of ammonia-water. and organic matter, which is apt to be di'aggcd 

Method. Take the Specific Gravity of tiie dovjn by gelatinous precipitates, and to int*:!-- 

liquor with a Hydrometer, and refer to tiie fere in many ways with the aoeuracy of 

tables of " specific gravity and per cent am- analyses. 

monia," in any dictionary of cliemietry. Com- For quantitative work, chemicidly pmii am- 

pare Acidiinetry (Method by specific gravity), mimia-water should eitiier bo prociireil lliim a. 

The liquid tested must contain no other soluble manufacturer of line ehemicalB, or picpiuxil 
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expressly by distilling from a glass flask a ohlorhyiiric or sulphuric acid (see Acidimetrj-I, 
mixture of 1 part of pura chloride of ammo- more than sufficicat to absorb all the ammonia 
nium, 1.25 parts of slaJted lime, and 1 to 1.25 which can possibly be expelled from the sub- 
parts of water. The diatillate ia received in atauKO taken, and mix it with 2 or 3 c. c. of a 
three Woulfe bottles; of which theflrst, charged solution of litmus. Pour a little of this acid 
with a Email quantity of water, or milk of into the U tube of the apparatus, but no more 
lime, serves to wash the gas. The second than will fill the lower part of the tube in such 
bottle should contMO about as ranch water, by manner that bubbles of air can readily pass 
weight, as there ia chbride of ammonium in through the liquid. Pour the rest of the 
the flask, or in case a saturated solution is re- measured quantity of acid into'the tubulated 
quired, take two-thirds of this weight of water; receiver, together with a little water, 
tlie bottle should not be more than tbi'ee- AJler proving tliat all the joints of the ap- 
qua^tsrs full at first, to alloiv for expansion, paratus are tight, heat the flaak until its eon- 
The third bottle should contain but httle wa- tents boil slowly, and continue tlie operation 
tcr. All the bottles should be set in a dish of until some time after the drops of water faUing 
cold water to facilitate the solution of the gas. from the condenser have ceased to ^ve the 
Heat the flask upon a sand bath, taking care least tinge of blue at the moment when they 
to avoid foaming, until half the water has dis- strike the liquid in the receiver, 
tilled from it. Pour the contents of the recdver and XJ 

Ammonia-water should be kept in glass- tube into a beaker, rinse with water and dc- 

fltoppered botties. It should leave absolutely termiue the amount of free acid in the hquid 

no residue when evaporated to dryness, should by titration with a standard solution of caustic 

pve no precipitate when dilated and tested soda {see Acidimetry). By subtracting tiie 

with lime-water, or with chloride of barium; amount of acid tlius found from, the quantity 

or when tested with sulfihuretted hydrogen or of acid originally taken, we obtain the amount 

nitrate of silver, after acMulation. of acid which lias been neuti'alized by the 

Ptinciple III, TolatiJity. ammonia. The amount of the latter is then 

ApplkaUons. Separation of ammonium from calculated (see Alkalimetry), 
all Che elements. Estimation of ammonia in This method affords accurate results, and 

rMu and river water (Method A). Estimation can be used in all cases where the substance to 

of ammonia in copulat* ammonio-compounds, be analyzed contiucs no nitrogeniKed m_atter, 

in urine, manures, etc. (Methods B and C). otiier tlian ammonium salts, capable of deeom- 

MelltadA. Thf mixture is bailed with caustic position by caustic Ijea, It is to be observed 

soda,' potash, lime, or baryta. tiiat the flask in which th'e decomposition is 

1. Prepare a distillatory apparatus as follows: effected must be placed in a slanting position. 

Fit to a ^ass flask a perforated cork or caout- so that no particles of the fixed alkafine liquid 

chouc stopper carrying a short delivery tube can be thrown into the delivery tube by tiic 

bent at an obtuse angle; by means of a rubber movement of ebullition, and that tlie end of 

connector attach this delivery tube to the head the condenser must not dip into the liquid in 

of a small worm or of a short Liebig's eon- the receiver. 

denser, the lower end of which passes through If it be desirable to weigh the ammomam 

a perforated cork into a capacious tubulated in the form of a solid rather than to \. tin iti, 

receiver; and to the second orifice of the re- it by titration, the receiver and U tu' miy 

cciver attach a U tube, by means of bent glass be charged with chlorhydric acid, ii d the 

connections. According to 8. W, Johnson, ammoniura weighed as Chloride of Ammi 

the worm or condensing tube should be made of nium or as Chloroplatinate of Aimnonmn. 
block tin, Mnce glass yields a sensible amount 2. Place a litre of the water to be examined 

of alkali to hot steam. in a retort capable of holding at least four liti es, 

Pour into the flask as much of a moderately add to the liquid 25 e. c. of baryta witer,— or 

strong solution of caustic soda, caustic potash, in place of the baryta, hme, potash w soda, — 

or milk of lime, as will fill something more to ret^un the carbonic acid. Coiineot die re- 

than a third of it. Place the fliUik in a slants tort with a condensing apparatus, and distil 

ing position upon a wire gauze support and the water slowly until the distillats amounts to 

boil Its contents until every trace of ammonia, a quarter htre. Determine the pivportion of 

with which tlie alkali may nave been contami- ammonia by titrating with normal sulphuric 

nated, is removed. Then cork the flask and acid (Eoussingault), or determine the ainino- 

leave it until its contents have become thor- nia in the distillate by Nessler's test. Geo 

oughl^ cold. Iodide of Mercurammonium (Miller). 

Weigh out the substance to be analyzed in 3. For determining ammonia in urine, F. 

a glass tube, 3 or 4 o. m. long by 1. c. m. wide, Mohi (^Titrirmetho/le, 2. 216) has proposied, in 

closed at one end. Place the tube and its con- place of Method C, the following luodiiication 

tents in the flask after tJic latter has become of the process: — Carefijlly neutralize tlu; urine 

cold, and connect the flask with the condcns- with a dilute solution of caustic potash, add 

in g apparatus. to the neutral liquoi' a iisussunwl quantity of 

Measure orf a quantity of standard oxrJic, BtancXui'd potiish, more than sulHciujit to decom- 
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Ce all the anuuonium salts ki the solntion, enough to reach from the top of the cork to a 

I the mixtui'e as lone as aminonia. continues point an inch or more below the rim of the 

to be evolved, and finally, without heeding (he Bask. The caoutchouc is finally tied finnly 

iunmotiia whiuh is «et free, deteraime the with twine, both to the neck of the flask and 

amount of caustic alkali left in the urine, by to the head of the cork. When cverj'thing ig 

means of a standard acid. The points of neu- ready, place 10 c. c. of standard acid in the 

tralization are determined in both ci^es by cylinder (Boussingault uses sulphuric acid 

means of litmus paper. The presence of urea strong enough that 10 c. c. shall saturate 

does not affect the accuracy of the results, 0. 2 1 25 grm. of ammonia) , and set the CTlinder 

although this substance is decomposed by in a beaker of cold water — ice water is best, 

boiling potash, nor does hippurie acid do any though the apparatus gives satisfactory results 

harm. In cases where no great degree of when the temperature of the water is as high 

accuracy is demanded, the process appears to as 12° or 15°. Pour into the flask 50 grms. 

be applicable for testing human urine, though of the urine to be tested, add to it about 5 

ia that case it indicates rather less ammonia ^rme. of slaked lime, cork the flask and set it 

than the processes of Schloesin^ and Boussin- in a water bath bo arranged that it may bo 

gault. But for testing the unne of cattle it kept constantly at a temperature of 35° to 40°. 

cannot be relied on. RautenbeiB (^Zeilsck. Close both the stop-cocks ufjon the apparatus, 

arutlyt. Ckem.,l&SS, 4. 900) has shown that eshauEt the receiver of the air pump, and then 

with the urine of oxen Mohr's method always slowly open the stop-cock on the tube which 

indicates a l^ger proportion of ammonia than connects the receiver with the cylinder chained 

can be obtain^ by the methods of Schloesing with acid. The liquid in the flask will soon 

and Boussingault, the accuracy of both of begin to boil. When this happens, close the 

which has been well established. Tliis appar- cock a^in, and leave the apparatus to itself, 

ent excess seems to be due to the decompoai- Since the cylinder which contains the acid is 

tion of Tarious ingredients of the urine which, comparatively cold, the vapors distilled from 

though originally neutral, become acid when the flask immediately condeuse i '' "" " 

exposed to the action of boiUng potash, and liquid in the flask consequently c 

GO neutralize a portion of the standard alkali. boil tranquilly, and after a shor 

Method B. The Ananonvaa Compound is evaporate completely, so that nothing but a 

healed in a eoifJiiistion tube with an excess of dry residue is lell in the flask. In order to 

Soda-Lime, in the manner described under sweep forward any ammonia vapor which may 

Nitrt^en. The ammonia ia collected in acid he left in the flask, open the«top-cockaboTe it 

and determined as in Method A. slowly, so that air mar enter. Then close the 

Method C. The Anaaonia is set free by Hy- stop-cock, exhaust the recraver, and slowly 

drate of Cakium, or by potash or soda lye, at a open the second stop-cock beyond the acid 

lorn temperature. cylinder, so that the air in the flask may bo 

1. By ebvUkion in vacuo (Boussingault's pro- drawn forward through the acid. Finally de- 
cess, Memoires de Chimie Agricole, Paris, 1S61, termine with a standard dkali (Boussingault 
p. 292). To a strong flask of about 1 litre capac- uses a solution of hme in sugar water) how 
tty, fit tjgfatly a cork carrying one straight tube much of the standard acid originally taken is 
provided with a stop-cock and one gas delivery still left unsaturated in the absorption cylinder, 
tube, bent at a right angle. The straight tube (See Acidimetry). The process requires far less 
should roach to within a few m. m. of tlie bot- time than No. 2, and is equally accurate. It 
tom of the flask, while the bent tube merely has the disadvantage of requiring eompara- 
passes through the cork. By means of a short tively complex apparatus, 
piece of rub&r tubing tied tightly to the glass, Instead of this method of ebullition in vacuo, 
connect the ga3 delivery tulie with another Boussingault has attempted to remove the am- 
glass tube of similar bore, bent at a right monia from mixtures of urine and slaked lime 
angle and reaching nearly to the bottom of a by means of a current of air made to bubble 
narrow cylinder proper to receive a char^ of through the liquid continually through 4 or 5 
standard acid. The cylinder is fitted with a hours, at the temperature of 35° or 40°; but 
cork, and is connected by means of a second without good resalts, for a part of the ammo- 
bent glass tube, provided with a stopcock, nia was always retained in the solution. To 
with the receiver of an air pump. The corks ensure the complete and gieedy evolution of 
of the i^iparatue must fit tightly enough to sup- the ammonia in this way, Boussingault found 
port the external pressure which wUI be ex- that the solution must be heated t " 



erted upon them by the atmosphere, when the 100°. But these high temperatures are inad- 
pumped out from within the vessels, missible in the analysis of urine, for ammo. '" 
sngthen the corks it is well to wind would be formed through the decomposition 



about their heads strips of sheet cork or of the urea which the u 

sheet lead, so that the head thus thickened 2. By Exhalation, at the Ordinary Tempera- 

may be as wide as the neck of the flask. The iure. (bcliloesing's method). Select a shallow, 

whole may then be bound firmly k^ether by flat-bottomed capsule 10 or 1 2 c. m. in diameter 

means of strips of sheet caoutchouc, wide and weigh it. Measure out something less 
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AMMONIUM. ZT 

than S5 'c. c. r^ the liguM to be tested, and strength. Sometimes the nitrogen of an am- 

place it in thedish. Weigh the dish and liquid, monium compound is collected and menEUrcd, 

Then set the dish on a common dinner plate and the amount of ammonium calculated from 

filled with mercury. Bend a thick glass rod that of the gas. Ammonium may bo sepa- 

into the form of a tripod, place this tripod in rated from all metals excepting those of the 

tie capsule which contmna the solution to be alkalies by pveeipitating the metals by means 

tested, set upon it another shallow dish which either of HjS, (NHj)!!^, (NHJjCOa, or Na^H 

has been charoed with 10 c. c. of standard POj. 

oxalic or sulphuric acid (see Alkalimetry), Ammonium Salts. 

and invert a beaker over the whole. Fill a (Compare Kltrogcn and Nitrogen Com- 

pLpette, provided with a wide aperture, with pounds.) 

milk of hme, lift up one side of the beaker as Principle. "Volatility. 



tenta of the pipette to flow into the solution of ntum salts from salts of Li, Na, K; Ba, Ca, 

the ammonium salt. Immediately replace the 8r; Mg, Zn, Cd; Al, Cr, Ur, Mn, Fe, Co, Ni. 

beaker and put a weight upon it, so that its "Xbe ammonium salt must be wholly volatile, 

lower ed"e shall be pressed into the mercury, and the mixture to be examined free from 

After 48 nours lift the glass at one aide and other volatile or decomposable matters, 
thrust a bit of moistened red litmus paper into ,, , , 

the atmosphere within; if tie color of the Metitods. 

paper remains unchanged, the first stage of 1, Separation of Ammonium Sails from Salts 

the operation is finished; but if the paper be- of Na, Li, K; Ba, Sr, Ca, Mg and Cr. In 

come blue the glaaa must be replaced, and the case the dry mixture to he examined contains 

apparatus left .to itself for another term of but a single acid, snch as chlorhydric or sul- 

hours. When all the ammonia has been ex- phuric acid, heat a weighed portion of it to 

pelled from the original solution, and has been faint redness in a covered platinum crucible, 

absorbed by the standard acid_, determine how as long as any fumes are evolved. The differ' 

much free acid is left, hj titration with a. ence between tiie weight of the crucible and 

staadiCTd solution of caustic soda (see Acid- contijnts before and after the ignition gives the 

imetry), and calculate the amount of ammo- weight of the ammonium salt. The crucible 

nia from that of the acid which it has neu- must be heated gently at first, but must after- 

tralized. wards be kept for some time at a dull red heat. 

Instead of the beaker and plate of mercury In case the salts are sulphates, the crucible 

above described, a bell glass with ground rim must be heated with special care, in order to 

may be placed air tight upon a greased ground avoid ioss of material through decrepitation of 

glaaa plate. A tubulated bell provided with a the sulphate of ammonium, and the residue must 

j;round glass stopper is to be preferred, since, finally be ignited in an atmosphere of carbonate 

m this case a strip of Utmua papej attached to of ammonium (see Sulphate of PotasMum) for 

a thread may be introduced into any part of the purpose of decomposing a quantity of acid 

the jar without lifting the latter. sulphatfe of potaaaium, which is formed by the 

Method C, in both its modifications, is useful decomposition of a part of the sulphate of am- 

in cases where the presence of organic matters monium. — If the mixture to be analyzed 

decomposable by boiling alkalies precludes the contains more than one acid, it may be mois- 

use of Method A. ^ Keischauer {Zeilach. tened with a quantity of fl^e acid, similar to 

analyt. Chem., 1864, 3. 1S8) has shown that the least volatile of the acids in the mixture, ■ 

even after six months' action, cold potash or and evaporated ta dryness upon a water bath, 

soda lye has no power to set free ammonia The operation should be repeated several 

from cyanogen compounds. times, or until the more Tolatilo acids have 

According to Schloesing, 48 hours are al- been completely expelled. A mixture of chlo- 

ways sufficient to expel 0.1 to 1 gramme of ride of ammonium and sulphates of the alkali 

ammonia from 25 to 33 c. c, of solution; but metals cannot be analyzed in this way, for on 

Fresenius has found that this statement is true igniting the mixture the sulphates would be 

only witii regard to quantities leaa than 0.3 wholly, or in part, converted mto chlorides, 
grin. When the quantity of ammonia esceeda 2. Separation of Ammonium Salts from Sali3 

0.3 grm., 48 hours is often insufficient for the of Zn, Cd, Al, Ur, Mn, Fe, Co, Ni. 
complete expulwon of the ammonia; it is well. If there is no chloride of ammonium in the 

therefore, to operate, if possible, upon quanti- mixture to be analyzed, a weighed quantity of 

tics of substance which cont^n no more than the mixture may be ignited direclJy, as in No. 

this proportion. 1, But if chloride «■ ammonium be present, 

Ammonium. the process becomes leas accurate. When 

For the separation of ammonium fivjm the compounds of aluminum and iron are ignited 

BCveral elements, see finding list in Appendix. with chloride of ammonium, a certain amount 

Ammonium is usually determined as chlo- of chloride of aluminum or of chloride of iron, 

ride, chloroplatinate or tartrate; or by titrat- as the case may be, is lost through volatiliza- 

■ - =" -- - ^-'-'■'— ^- ■> -^- TT..,„ ^y ,; 



iug ammonia-water witfi an acid of determined tion. Under uke circumstances manganese 
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ao ANTIMOKIC ACID. 

compounds are converted into protocWoride of fhc wTioli-oftho ant'innnic aoid, and tlic miM."! 

manganese mixed with Eoniemanganite of man- ■^ulLiliini mn-' l.i- }ii ity<Uo 40°. Fwally dutur- 

ganeae; ainc eompounds volatiHuo as chloride of > n i niiiioua chloride remains in 

zinc, aud compounds of cobalt and nickel arc 1 1 1 1 m^ of a standard solution 

reduced to the metallic state. The safest rule I i LSiiom. Tho process is of 

in all these cases is to mix the sample with ear- ! I i^ li i <,, and is said nut to j-ifU 

bouate of sodium before igniting it, and to vi ry iiccurate r.'^-ults. (See Clilcirldu of Tin), 

determine the metals in the residue by some AlitilTtonlate Of AntilTiOny. 
appropriate process. The ammonia may then (Improperly "Antimonioua Acid "). 
be estimated in a separate portion of the mix- Pnitdple. Fixity of the compound wlion 

ture by distillation with an alkali. "(See Am- heated. 

monia), Applicalions. Estimation of antimony in 

Ammonio-SesquiOXide of Ura' antimonions and antimonic acids, and in com- 

nium. pounds of these acids with easily inlatile or 

Beo Oxide of Uranium (aiamoniated). dycomposable oxygenated acids or ba^es. Be- 

Antimonic Acid. . tcnmnatioa of antimony in sulphide of aiti- 

Principle I. Sparing solubility m nitric nionv. 
waA, Method. Antimonic acid may be simply 

Amplications. Separation of antimony from ignited in ii platinum crucible untd tho wi.'i;;ht 

Mg, Zn, Cd; Mn, Fe, Co, Ni; Bi, Cu, Hg, remiuns constant. Other compounds uf anti- 

Ag and Pb in alloys. mony should be treated with nitric acid free 

Method. Dissolre the alloy in nitric acid or from clilorbydrfc acid, and tlie solution earo- 

in aqua regia, as described under {inOiidc of fully evaporated to dryness before i^iting 

Tin. Collect the insoluble residue of antiino- them. Care must be taken to guard the coii- 

nic acid upon a filter and ignite t« convert it tents of tlie crucible against the action of ru- 

into Antimoniate of Antimony. The results ducing gases coming Irom the filter or the 

are only approximative, since a small portion flame. 

of the antimony always lemMns disaolved in For converting sulphide of antimony into 

the acid. Alloys of lead and antimony, con- antimoniate of antimony, Bunsen has devised 

taining a lai^ proportion of antimony, should two methods, as follows; — 
be fiiaed with a weighed quantity of pure !■ Wit}i Juming Nitric Acid. Tlaco tha 

lead before treating them with nitric acid, lest dry sulphide in a weighed porcelain erueible, 

a part of the alloj" escape solution. — Ac- moisten it with a few drops of niti'ie acid of 

cording to t^faff {HandbucA amilyt. Cheat., 1.42 apeeifie gravity, and cover the crucible 

1825, 2. 416), the antimonic acid is ant to loosely with a watch glass or small liinnel from 

retain a certain quantity of oxide of leatl, so which tlie tube has been cut away. CarefLilly 

firmly combined that it docs not dissolve in poia upon tht sulphide 8 oi 10 timci i ■^ bidk 

nitric acid. of red tuniiBg nitric ^id plate ftp "rutibk on 

This process was formerly much emplojed a w iter bath and allow the atid to o apnrito 

for analyzing antimony alloj ' and is stall uoed slowlj When the nitiic atid is fir t t Idtd to 

for technicalanalj'ses, where no great accin icy the sulphide, i quintitj of su'phui Ecpan os 

is required. It is now recognized, however m finu powder but BUuBCC[uontij oxidi/ts cnni 

that— owing to the solubility of antimonic pletely duiing the process ol lv ipui ition jo 

acid in nitric acid — the process yields fir itss that nothing but a whiti nuxtur ol nntiraonii, 

accurate results than the corresponding method and sulphurio acids is left in tilt, crucilile ' y 

with Oxide of Tin. By repeatedly evaporat- igmtmf, this residue it is converted mto irti 

ting tho nitric acid solution of antimonic acid, momate of antimony — In case the bul 

to dryness, and treating the residue again ind phido of intimony under e-iamimtmn happi iis 

again with fresh portions of nitno acid, it is to be mixtd with i large pici>oiliou tt fiLi. 

indeed possible to obtain at list a solution iree aulphm i must bs. wathud »itk hi ulp iidi, ot 

fi-om antimonic acid, but the opentionsiequire cirTjon ' ' ' ' ' • - • 

BO much time that they are not employed in wasbin 

actual practii e. means 

Praiaple II Power of changin^ stannous contaii 

to stanyiic tlJoiide while it is itself ledutod to antno 

the state of antiinnnious atid pour l 

Appiif-iUcns Ehtnnation of antimony in to i i 

cases whui. the metal can be converted into J I 

Methol BIix 1 wei^^hed qumtity of tiif 
antimonic ai^id with a meisuied volume of i 
standard solution of pi otochlonde of tin tr 

getber with somo lodule ol potassium solution ' 
and starcl) piste rhc qmntitj of the tin 
solution must be mom (luu i!ulh(.it.uij lu itdui 



bclort, addm the n 
uiij be efieittd ! 


jtii'- Hid aiit. 
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ANTIMONIATES. St) 

easily recovered by diEtillatlon and kept for whieh exactly fits the crucible. Pill the cruoi- 

iuture uso. ble loosely with oxide of mercury to the brim, 

It is to be observed that fuming nitric at'id and slowly push the glass through tlic locr^^ury 

is essential to tBe success of this process. The to the bottom, of tie crucible, occasionslly 

ordinary strong nitric acid of 1.42 specific ahaliing out the oxide iroin the interior of the 

gravity will not acBwer. The boiling point of glass. A layer of oxide of mercury from half 

the aeid of 1.42 gpecifie gravity is a&iost 10° a line to a line thick, may thus bo pressed 

hij^her tlian the melting pomt of sulphur, againstthe crucible sofirmlythatitwill adhere 

Tvliile the ftiming acid boils at a temperature to the platinum after the removal of the glass. 

as low as 8G°, fir below that at which sulphur Properiies. Autimoniate of Antimony ia a 

melt*. Tlie hot fuuiiog acid easily oxidizes ■white powder when cold, but exhibits a yel- 

the finely divided sulphur with which it ia in lowish tint wWIe hot. It neither iiises nor 



, but when heated with acid of 1 .42 decomposes when ignit* 

s an acid renetion when pia< 
oxidation. litmus paper. It is not acted upon by sulphy- 



speeifie gravin-, the particles of sulphur quickly Bearcefy at all BoIubTo in water, though it cx- 
melt to a solid hall, which obstinately resists hihits an acid renetion when placed upon moist 



No ehlorhydric aeid should be present lest drate of ammonium, and dissolves in chlorhy- 

Bome of the antimony be lost through volatili- dric acid with very great difficulty. Its 

zation of the tsrchloride when the dry mass is composition is: — 

ignited. g^ _ 153 „ si2fl 

2. B>! rffniiion teiffi Oxide of Mercury. oj = ja ^^ i jj4 

Mix the sulphide of antimony witii from 30 !o m v:».m 

50 tino. u mndj prodpitalid oxide of mei- A„timoniate Of MerCUrj. 

ciiiy, and neat the mixture araduauy m an (Mm-cuvoua auUii-oniate) 

open loiglied poraolain craoibSi Eemove the f^„ci;,te. In.oluUlitv In water, 

lamp a. .eon a,, lie appear.nco of Erajftme. A,,licallm,. Separation of antimony l-on 

of mercnty indicates that oxidatwn haa hegun. pijtasMuni and sodium 

Agaii heat the mlitnie aa soon aa the famoi "^ jK,i„i Mix the 'aolution of the antimo- 

>l«iken, and proceed in this way a. long a, ^-^^ ^i,^ ^ ,j„, ^f , „,^g„ ^f ^,^^^, ^ 

fumea m OTolwd. Finally igmte the cruoiblo ,„j„ij, „, mmmy. Allow the mixture to 

over a blast lamp to remove die last txaccs of ^^^^ ^ ^^ ^^ manyhoma, eolleot the pr^ 

oxide of meronry, and weigh the residual • („„ , j,„ '„,^ ,!„, ^ „,jg„r „, 

•nononiate of antimony mJrcureus nitrate, dry, ignite sti-ongl,., and 

Care muat be taken that no reducing gasM „, j „ A„ii„„,dlite i! Intimony. Iffimov. 

fem the lamp gaan access » the contents of ,ie'„,„ „, „,„„ ^n the ffltnte by 

tho oruotblo. Since oxide of mereur J always „„„ rf „jphui»tted hydrogmi or chlorhydrio 

leaves a sm.11^ quantity of «xed residue, oven „,a „,j j„^„i„ «i .ifidies in the hn.l 

alter intense igmtinn, it is well to determine ^^j,, ^^ ^^ „„j _ ji„,i„„„i„,„ „, 

the proportion of this impmjty once for all, to „„ „ f„„,j ,^'b,o mixture of mercu- 

woigl roughly the amount rf oxide of mercury ^^ ^(^^^ ^ anSmoniato of potasium or 

talen to oiidi.e jny sample d Ji. sulphide, ^^^^ ^,„^ ^,j ,^„„, slowJe.s, but tho 

Mid to auhtraot the amnmil of Ihted re«due „,„„j n„orlhele.a he filtered without 

contmned m the oxide of mereary Mlien from ,j difficilty, it it b« first allowed to atand 

the weight of the auttmouiate of antimony. ^^ ^ , ^j^g 

fil-XSitX;™ 3i'e reSej'g ''^"^"'Tl ?l ^llTi h 1 

.? . - 1 , -J c 1. 'XT -. ■ i'nnciple. Insolubility in dilute alcohol, 

means or bisulnhide ot carbon, as m .No. 1, in < >•' ,. c ,- ^ ..■ ^ 

STer to avoid slight Ma^raSon. aad eonsi ™jftS ^'f""~ °' ">'-»'')''"'" 

quent loss of substance, which would otherwise " Methods 
occur when the sulphide came to he heated with 

oxide of mercury, 1. Place the substance to be analyzed, which 

The operation may be completed much more may be an alloy of antimony, arsenic and tin, 

quickly in a platinum than in a porcelain cru- or a mixture of sulphide of antimony and sul- 

cible. But if a platinum crucible be employed phide of tin, in a lai^ beaker, and pour ujKin 

it must be protected from the action of anti- it, littie by little, mtric acid of 1.4 specific 

mony by means of a fining of oxide of nier- gravity, until the oxidation is completed; an 

cury. This lining may be made as follows:— alloy should be reduced to the state of fine 

Soften the end of^a test tube at the blast lamp, powder before weighing. For an alloy, the 

place the soft end of the tube in the centre of nitric acid employed must be of the prescribed 

tie platinum crucible, and blow wr into the strength, since acid of 1.52 specific gravity 

other end of the tube, so that the hot giase would not attack the alloy; but for the trcat- 

loay assume the exact ibrm of flic crucible, ment of sulphides tho stronger iicid is to he 

Griiek oil' flie bottom of the bulb thus formed, piy^crred. When flie reaction has ceaseil to 

;ind carefully sinoofli tho sharp odjro by tiision, be violent, transfer tho mixtra^ frnni llie l»?.i!ker 

A gla=a is tliuj obliiincd, o[»ju ul both ends, to a suiidl pori;i:l;iin dith, eviiporjitc tu djyui.sa 
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80 ANTIMONIOtlB ACID. 

on a watcr-batli, transfer the residue to a sil- nate of Eodium, it always retains some carbon- 

vur crutible, rinso out tlio porcelain dish witti ate or sulphate of soilium when waslnid as 

a solution of caustic soda, and again evaporate above directed. — The process jiolds ex- 

to dryness. Add to the contenta of the cruci- celleiit rusuila when properly conducted. Tlie 

ble as much solid hydrate of sodium as will antimoniate of sodium settles uoiuplutely fn^in 

amount to about eight times lie hulk of the the alcoholic solution, and the latter is easily 

residue, and fuse the mixture for some time at filtered. The only real inconT«nieiice arises 

a red heat. When the crucible has become from the necessity of using a silver crucible, 

cold, cover the fused mass 'with water, and aud the consequent liability of contaminating 

allow it to soak until it sofiens, then wa^ out iiie Valine filtrate with a small amount of 

the contents of the crucible into a beaker, silver. 

with hot water, and continue to add water To determine the tin and arsenic in the fil- 

until the undissolved residue has assumed the trate, acidulate the lic^uid with chlorhydric 

form of a fine powder. Stannate and arseni- acid, and without heeding tlie precipitate of 

ate of sodium go into solution while most of stannic aiBCniale which lorms, pass sulpliur- 

tho antimoniate of sodium remains undissolved, etted hydrogen gas tor some time through the 

Add to the solntian in the beaker as mnch al- turbid liqmd. Allow the mixture to stand 

cohol of 0.83 specific gravity as will amount to until the odor of sulphuretted hydrc^en has 

at)out one-thiiil the volume of the solution, well nigh disappeareii, collect and weigh tho 

Cover the beaker wilh a glass plate, and let mixture of sulphide of tin, sulphide of arsenic 

the mixture stand for 24 hours with frequent and free sulphur upon a tared filter, aiid finally 

stirring. Collect the insoluble matter in a fil- heat a portion of Uie precipitati; in a current 

ter, rinse the beaker with spirit made by mix- of hydrogen Ijd expel the sulphur and Sulpiiide 

ing 1 vol. of alcohol of 0.83 specific gravity of Arsenic. 

with 8 vols, of water, and wash the pre- If tliere be no arsenic, but only tin Jn the 

cipitate upon the filter, finst with a mixture of filtrate, drive off most of the aJcohol by evap- 

1 vol. alcohol and 2 vols, water, then with a orating at a gentle heat, dilute with water and 

mixture of ecjual volumes of alcohol and water, supersaturate with sulphuric acid to precipitat* 

and finally with a mixture of S vols, alcohol Hydrate of Tin. Or pccipitate Sulphide of 

and 1 vol. water. It is weU to mix a few drops Tin. The precipitation with sulphuretted 

of a solution of carbonate of sodium with the hydrogen is safer than the other process, 

dilute alcohol used for washing. The carbon- though the sulphide of tin will be contaminated 

■ " ■'■■ ■ ■ ■ ■ ofth . - ■.. . . ., _ 



i fecilitates the solution of the stannate of with a trace of sulphide of silver from iJie 

sodium, and hinders the antimoniate of so- crucible, while b^ using sulphuric acid no eom- 

dium from passing through the pores of the pound of silver is thrown down, 

filter. ^ Continue to wash until a portion In case tliere be no tin, but only antimony 

of the filtrate acidified wilii chlorhydric acid and arsenic is tho substance to be analyzed, 

and mixed with sulpliuretted hydrogen water the arsenic may be determined as Arseniate of 

gives no yellowish precipitate of sSphide of Magnesium and Ammonium. To this end, 

tin after long standing. heat the alcoholic filtrate, with the addition d 

It is esgential that Uie alcohol used for wash- several fresh quantities of water, until the 

ing shall bo of the prescribed strengtlis. If odor of alcohol has almost disappeared, acidu- 

strong alcohol were used at first, a quantity of latM with chlorhydric acid and proceed in the 

carbonate of sodium formed during the Aision uBual way. 

would be left undissolved upon the filter, and 2. Ij the CMe of mixtures of the sulphides 
would retain stannate of sodium in combiua- of arsenic and antimony, together with free 
tion, to such an extent as to occasion losses sulphur, such as are often obtained in mineral 
even as great as 8 or 8 per cent. Weak alco- analyses, the process may be modified, as fol- 
hol, on the other hand, dissolves some anti- lows; — Place the precipitate in a porcelain 
monlate of sodium, together witli the stannate, crucible, oxidize it with red filming nitric acid 
Water alone cannot bo emjgloyed for the free from clilorine, OTaporate nearly to dry- 
washing. Not only is antimoniate of sodium ness, mix the residue with an excess of carbon- 
somewhat solnble in water, but a portion of the ate of sodium, together with some nitrate of 
precipitate itself would pass through the pores sodium, and fuse at the lamp. Treat the fused 
of the filter as soon as the stannate and car- mass as directed in No. I . 
bonate of sodimn had been washed away, if AntimOniOUS Acld, (^^z'^y)- {.^'>^ 
nothing but water w^ employed. tlie compound SbjO^ — sometimes impro])er]y 

When the antimoniate of sodimn lias been called aiitimunious add, see Antimoniate of 

thorouglily wadied, rinse it from tho filter into Antimony.] 

a beaker, leach the paper with a mixture of PvincijAe 1. Oxidation by Iixline (A) or 

ehlorhj'dric and tartaric acids, dissolve the by Chlorine (B) in a!kaUne solution; by Bi- 

precipitate in the same mixture of acids, and Chromate (C) or reruianjsinate of Potassium 

precipitate the antimony as Sulphide of Anti- (D), or by Salts of Gold (E). 

muuy. ' Tlie antimoniate of sodium cannot bo The Applications at A, C, ai 
weighed directly, since, though fi^e fix)m stun- 
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AKTIMONIOUS ACtD, 81 

pure solutxona of this substance— such as the B. Oxidation hy Chlorine. Same as nncler 

chlorhydric acid Bolution of sulphide of anti- Antimony. 

monj and, as regards A and D, a solution of C. Oxidatwn hy Bichromate of Polamhim. 

tartar-emetic — aud to the determinalion of To the solution of antimonious acid in diluted 

antinioniouB acid when mixed with antimonic chlorhydrie acid, add a measured voiuine of s 

acid. The applicatlona of B will appear be- standiu^ solution of bichromate of potassium, 

low under the head of Antimony, more than sufficient tp oxidize the whole of 

Methodi. To separate antimonions from an- the antimony. Leave the mixture at rest tor 
tdmonic acid, determine the total amount of a short time, and finally determine the amount 
antimony in one portion of the substance t« he of unreduced chromate by means of a stand- 
analyzed, by precipitation of Sulphide of ^- ard solution of ferrous sulphate, added until a 
tJmony. Determine the amount of antimoni- drop of the mixture gives a blue precipitate 
ous acid, in another portion, hy one of the when touched to a drop of fenieyanide of 
processes enumerated below, and calculate the potassium. (See MCbromate of Potassium), 
amount of antimonic acid &om the difierence. The original chlorhydric acid solution should 

A. Weigh out as much of the substance to contain at least one-sixth its volume of chlor- 
be tested as will contain about 0,1 grm, of hydiie acid of 1,12 specific gravity. It will 
antimonious acid. Dissolve Ibe weighed sub- ollen be found convenient in practice to ope- 
stance in 10 or 12 c. c. of a strong aqueous rate with solutions composed of about equal 
solution of tartaric acid, in case it fe not al- volumes of water and chlorhydric acid, bat in 
ready a tartrate, and add enough carbonate of case more acid than this is present, the deli- 
sodium solution to nearly neutralize the liquid, cacy and promptitude of the final reaction 
Mix the solution with 20 c. e. of a cold satu- with ferricyanide of potassium is materially 
rated solution of bicarbonate of sodium, add a dinunished. As with arsenious acid, bichro- 



iew c. c. of thin starch paste, and pour into the mate of potassium does not act upon antimo- 

mixture, drop by drop, fifom a burette, a stand- nious acid in any definite or reliable way when 

ard solution of Iodine in iodide of potassium the solution in which the oxidation is to bo 

until the liquid just remains blue, or better, is eilected contuns less than one-sixth its volume 

of a faint red color; The mixture must of of chlorhydric acid. Since tartaric acid de- 

couree be stirred continually while the iodine composes the bichromate, its presence is inad- 

solution is being added to it;— misaible. 

If the substance to be analyzed is free from 

Sh^ + aNart- + u - BUjo, + «i.i. organic matter, oxides of the lieavy metals. 

So long as there is any antimonious acid pres- and other substances capable of interfering 

ent to be oxidized, the blue color formed at the with the titration, it may be dissolved at once 

surfece of the liquor where the iodine solution in chlorhydric acid; otherwise the antimony 

first touches the starch, will be destroyed as fast must be precipitated, in t!ie first place, as a 

asitforms. But as soon as the last trace of an- Sulphide. To prepare tlie sulphide for titra- 

timomous acid is oxidized, the whole solution ^tion, place the washed precipitate, together 

will become blue. The operation must be with tiie filter, in a small flasS, cover it with 

stepped at this moment. The blue color will, chlorhydric acid, heat the mixture on a water 

in any event, disappear after a few minutes, bath until the precipitate has dissolved, add to 

ITie value of the iodine solution may be deter- the liquid as much of a nearly saturated solu- 

mined beforehand by titrating 0.2 or 0.3 grm. tion of mercuric chloride in chlorhydric acid 

of pure crystallized tartar emetic. (Mobr, Tit- of 1.12 specific gravity as may be needed to 

rirmelhode, 1655, p. 371). remove the sulphuretted hydrogen, dilute the 

I^ough the results obt^ned by this process mixed solution to some definite volume, allow 

are, on the whole, satisfactory, it is, according it to settle, and take up a measured volume of 

to Fresenius, essential tiiat the proportion of the clear liquid for the analysis. (Kessler, Pog- 

antimonious acid to that of bicarbonate of gendorff's Annalen, 96. 216; 113. 134; and 

sodium bo miuntained tolerably near that of IIS. 17). 

the quantities above enumeratm, in order to D. Oxidation by Permanr/anate of Polas- 

ensure accuracy. Bicarbonate of sodium should siitm. Four a standard solution of perman^a- 

always be employed as the alkaline liquor, nate of pi^assium from a burette into tlie 

since the monocarbonate has the power ol fix- chlorhydric acid solution of antimonious acid, 

ing a certain amount of iodine, until the solution exhibits a permanent red 

Instead of titrating directly with a solution color. The permanganate solution should con- 

of iodine, as above described, IL Rose directs tain about 1.5 grm. of the crystallized salt to 

that the standard solution of iodine be added the litre, and the antimony solution at least 

to the lightly alkaline solution of antimony as one-sixth its volume of chlorhydric acid of 

long as Its color continues W be discharged, 1.12 specific gravity. It is not well, however, 

and that the excess -of iodine bo then deter- to have the proportion of acid hjj^ber than 

mined with a standard solution of Ilyposul- one-tiiird the volume of the liipiid, since fliu 

phitc of Sodluiu, filial reliction would Lu iiitertiirud witii. I'lio 
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presence of tartaric acid hns little Or no infiu- rapidly iritli hot water and dry at 100°, best 

eiice upon the reaction. Hence the process in an atmosphere of non-oxidizing gas. — . To 

may be cniployed for analyzing tartar enietie, separate aiitanioay from tin, lioil the alloy with 

and t!ie -raliK of the permanganate Bolntion cHoitydric acid [taking care to absorb any 

may bo determined in the be^nning by means antiraoniuretted hydrogen ihat is evohed (sue 

of a standard solution of pure tartar emetic. below. Method D,}] until all the tin has dis- 

Fov the preparation jof the antimony solu- eolved, then place a rod of piii"e tin in tho 

tion see above, C. (Keeslor, Poggendorff's liqaor to precipitate any traces of antimony 

Annalen, 118. 17). which may have dissolved, and proceed as 

E, Oxidation by Salts of Gold. A process . before. (Pfaff, loc.cit., p.41G). 

formerly recommended by H. Eose oonsiatad Jifetkod B. To analyze an alloy of tin and 

in mixing the antimonious aeid, diesolved in a antimony, dissolve it completely in chlorhydrie 

very large escees of strong chlorhydrie acid, acid to which a httle nitidc acid has been 

with an excess of ehloraorate of sodium or added. Heat the aolntion nearly to boiling, 

chloraurate of ammonium, lea'ring the mixture and tlu^ow into it bits of fine iron ivire (piano- 

at rest durhig several days at a temperature ivjro), as long ns the latter continues to dis- 

slightly warmer 'than that of the air, and eel- solve. As soon ss all the antimony has buen 

lecting and weigliing tho metallic gold which precipitated, and the last piece of iron seems 

was deposited, as was supposed, in quantity to have completely dissolved, add a little more 

proportioiiatc to the amount of antimonioos cldorhydric acid; allow the precipitate to set- 

a*id n!. the solution. Bnt since Dexler (Pogg. tie, decant the cleai liquid, and try whether 

Ann., 100. 570; compare H. Hose, ibid., 110. any further precipitate can ije produced in it 

641) has shown that the process affords neither by means of iron. Wash the precipitated 

concordant nor rehable results, it can no longer antimony at first with hot water acidulated 

be coiiiniundtd. with chlorhydrie aeid, aftenvarda mth puro 

Principle II. Volatihty. hot water, and finidly with strong alcohol. 

Method. To separate antimony from eUvcr, To facihtale the operation of drying, and to 

gold, ;md other noble metals, the alloy may be still further guard against the risk of oxidation, 

heated upon a cupel in a muffle. By the it is well to wash out- the alcoliol with a few 

action of the hot air the antimony inll be drops of ether, Diy the prceipitate quickly 

converted into antimonious acid, and the latter at 100°, and weigh. ^ The process yields 

will go off in the form of vapor, leaving the eood results when the proportion of tin is 

silver or gold to be weighed. It has been large, but is less accurate when the solution 

found in practice tliat a simple alloy of silver contains but httle tin, (Tookey & Clasen, 

and antimony heated ugon bone ash in a muffle, Zeiuch. analyt. Chem., 1866, 4. 440). 

until iiunes of antunonmus acid are no longer Method C, Place the alloy or oUier com- 

visible, still retidns about one per cent of an- poimd in a small flask, cover it with strong 

timony, the residual button of silver being chlorhydrie acid, heat the mixture and atld 

■dull and gray, and only incompletely soluble small eryatala of chlorate of potassium, one by 

in nitric acid, Put by again heating^ the but- one, until tlie solution is complete. Dilute the 

ton on a cupel with about 5 times its weight liquid to some definite volmne, and divi<le it 

of lead, until the lead has all been oxidized into two equal parts. In one part precipitate 

and the melted silver appears bright and lus- both the antimony and the IJn on a rod of 

trous, the iuitimony may be completely ex- metallie zinc and wash, dry and weigh the 

polled. powder. Mix the other part with a tolerably 

Antimony. [Compare Antimony Com- large quantity of chlorhydrie aeid, place Ei 

pounds]. clean strip of metallio tin in lie liquid and 

Antimony is estimated as metallie Antimony, heat the whole gently for some time. All the 

as Sulphide of Antimony, Antimoniate of An- antimony will bo precipita.ted while the tin is 

tjmonv, Antimoniate of Sodimn, or by titi'ation, reduced to the condition of stannous chloride, 

as hasbeen explained under Antimonious Acid. Wash the precipitate with water acidulated 

See also Antimonio Aeid, and the finding list with chlorhydrie acid, collect it on a tai-ed fil- 

in Appendix. tcr, dry and weigh. The difference in weight 

Pimctplel Spinngsolubihty of the metal betwoen the first and second precipitates giies 

m chlorhj dnc icid tht, amorait of tin — In ease the subitinco 

Aiiplu.(-ttons listimaticm of antimimj in to bo cxammi-d contains nothing, but intmiony 

antimony salts Separation of ntmiouy from md tin, tli'' fir • pi ciiJit"*! m ^ ith zmc niiy 

dn be oiii 11 I I "i il I' I 1 (,n the 

Method i PietJpitate the Tntimony by wci^lil (in < < ' ' ml mony 

means of metalhc zme from a dilute mine at,id found n i i of the 

solution Tlie antimony falls as a black pow- tm ^i i i I iu.ip- 

dcr, which j,li„tins when bmui"hi,d (I'lift, iLitt 1 1j , i ^ uiu, uii- 

}I,iniVwh analyt Chcm ItJj, 2 41i) bo ki", mil , I, ilt. i Ir>ii^ mi. .i i , ^i-birj (i> 

ling 1 7 111 IB present in thi lniiiTd t'li ^ntl Kco tlif,hq nd a tim,)iiatrai. 'h^! ill hi^'ui 

mon> ulIuanoo:.idi,Lou oi -olaUou W i^h thmtlutot tlic an dinrn^ the piecniitutuiii 
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The liquid should contain an excess of acid with about 20 parts of metallic tin, i-oU tlie 

also from first to last. (Gay-Lussae). product to a sheot, and boil it for a long time 

Aa a modification of Gay-Lussac*e process, with Strang ehlorhydric acid. Tlie weight of 

Levol precipitates the antimony and tin to- the undissolved matter, after drying, will indi- 

gether upon a zvac rod, rinses off the metallic Gate very nearly the proportion oi' andmony in 

powder which adheres to the zinc when the the alloy. Next melt very carefully a new por- 

precipitation is complete, and, without decant- tion of the alloy with pui'e tin, t^en in such 

ing the solution of chloride of zinc, treaW the pi-opoi-tion that there shall be in the melted 

mixed precipitate of tin and antimony with product 20 parts of tin to 1 of antimony. The 

strono; tlilwhydrje acid in order to dissolve the weighed metals should be wrapped in paper, 

tin. Tie lien weighs the antimony and de- placed in a, small Hesdan crucible, covered 

termines the tin in the filtrate, as Sulphide of with powdered charcoal to prevent oxidation, 

Tin. In repl^ to tlie criticism of Eisner that and ignited for ten minutes in a hot fire. At- 

this method is inexact, iuHsmuch aa strong ter tlie crucible has cooled, brush the metallic 

chlorhydric acid dissolves some of the auti- globule, beat or roll it to a sheet, cut the sheet 

mony as well as the tin, Levol remarks that metal into several pieces, roll the jjiecus in 

in presence of chloride of zinc the action of paper aa before, place them in a crucible, cov- 

the acid upon antimony is materially lessened, er with powdered cliarcoal and melt duiing 

The method can hardly be expected, however, another space of t«n minutes in order to ob- 

to alTord very accurate results in anv event. tain a thoroughly homogeneous alloy. Brush 

Me/hud D. A thiei modification of the the new globule, roll it to a thin sheet and cut 

process, apjilicable to cases where the propor- the prodm^t into » number of pieces. Weigh 

tioa of antimony in tlie alloy is small, is the out a quantity tor analysis, place it in a flask, 

following; — Fit to a small flask a cork carry- cover it witli Strang chlorliydric acid and tioil 

ing a thistle tube and two other short tubes, tbe acid during at least two and a half hours, 

each bent at a right angle. Put the finely di- Dilute the acid with water, collect the finely 

vided alloy in the flask, replace the cork, and divided antimony on a weighed filter, dry and 

connect one o£ the delivery tubes with a source weigh. The tin in the original alloy is estim- 

of carbonic acid, and the other with several atedti-om the difference. As far as tlie esljm- 

U-tubes charged with small quantities of red ation of antimony is concerned tlie presence 

filming nitric acid free fram chlorine. Four even of a large proportion of lead in die orig- 

enough Strang chlorliydric acid into the fifuk inal alloy does no harm. 

to seS the thistle tube, and hwW the mixture Properties. Precipitated antimony is a dull 
gently. The tin will dissolve completely, and black powder, which may be dried at 100° 
most of the antimony remain in the metallic without alteration. It fiiaea at a moderate red- 
state, (liongh a part of it goes off in the form heat. When strongly ignited in hydi'c^en gas 
of antjuionturetted hydri^en g»s. This gas a small part of it volatilizes without chemical 
will be oiidused, however, and the antimony change. Sitric acid oxidizes it with formation 
retained by the nitric acid in the U-tubes. of antimonious acid, mixed with o ' ~ 



When tbe alloy has dissolved, dilute the con- antimonic acid, according to the strengtli of 
tents of the flask to some definite volume with the nitric acid. Chlorhydric acid acts upon it 
recently boiled water, allow the mixture to set- but skiwly, though an appreciable quantity of 
tie and det«niiine the tin in a measured vol- it dissolves when lett in contact with the acid 
ume of the clear lit|uor. Then filter the rest for several days in open vessels. Dilute acid 
of the liquid, wash the precipitate with acidu- dissolves more of it than concentrated, and 
latcd water, place it in a porcelain crucible, cold acid more than the same acid when boil- 
add to it the contents of the U-cubes, evapo- ing. Acid chx.i^ed wilh stannous cbloride has 
rate to dryness and weigh as Antimoniate of little or no action npon It. 
Antimony. If the alloy contain arsenic as Principle II. Oxidation by chlorine in alka- 
weli as antimony, the residue obtained by line solutions (Method A), by aqua regia, or 
evaporating the contents of tlie U-tubes would a mixture of chlorate of potassium and chlor- 
be treated, with the metallic precipitate, as is liydrio iicid (Method B), or by hot air (Meth- 
explained under Antimoniate of Sodium. od C). 

Alelkod E. One of the oldest of the pro- Applications. Separation of Sb from ' Aa 

cesses ilependent on the principle now in ques- (B and A) ; of 8b ftom Cu and Fe, especially in 

tion, is that of ChaQilet (H. Ilose, Handbaeh, ores containing sulphur, and from Co and Ml; 

186&, 2. 801). In this process the anliinony (Metiiod A). Separation of Sb from Ag, 

is kept in contact with a lai^ praportion of Au and other noble nietala. (Method C). 

stannous chloride in order that the solvent ae Method A 
tion of the chlorhydric acid upon the antimonv 

may be hindered. After having determined 1 To separate Sbfr/m Cm and Fe in mdphu- 

that the alloy contains nothing but antimony «"crf "r^i- Reduce the mineral to very fine 

and tin, the first step is to ascertain ^pjii >x ponder, diffuse it through a solution of caustic 

imately, the relative proportions rrf the two potash free from sulphuric acid, heat the li- 

metals. To this end melt one part of the alio; quur and pass chlorine gas through it for sev- 
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84 ANTIMONY COMPOUNDS. 

eral hours. Tlie sulphur oxidizes rapidly, in the bulb should n 

copper anil iron arc deposited as oxides and a until the reduction is 

solution of sulphate and antiraoniate of potas- finished. 

slum obtained. Antimony may be estimated Principle II. Reduction of to metallic sn- 

iu the filtrate as Sulphide of Antimony. (Ki- timony by iron, zinc or tin. See Antimony, 

■vot, Beudant & Daguin, CompUs Rertdiis, sparing solubility of in chlorhydriu acid. 

1853,37. S35). Arsenic Acid. 

2. To separate Sb from As. Oxidize the Principle I. Reduction of by sulphur, 
mixture with chlorine as in No. 1, and remove Applicalions. Estimation of arsenic, by loss, 
the arsenic by precipitation, as Arseniate of in ninny metallic arseniates. .Separation of 
Mf^nesiura and Ammonium. Finally deter- Fe, Mn, Zn, Fb and Ca from arsenic acid. 
mine the antjmouy as Sulphide. Method. Mix the powdered arBeniate with 

3. To separate Sb Ji-om Co and Ni, add (o pure, powdered sulphur in a porcelain crucible 
the dilute nitric acid solution of the three met- (Boee's reduction -crucible is best) and ignite 
als a lai^ excess of caustic potash, beat the the mixture in a slow stream of hydrogen gas. 
mixture gently and pass chlorine gas into the The arsenic acid is reduced to metallic arsenic 
mixture until the precipitate is blaek. The and sulphide of arsenic, which escape in the 
precipitate contains the cobalt and nickel as form of gas, while the metal to be separated 
sesquioxides, while the antimony remains in so- irom the arsenic remains in the crucible, and 
lution as antiraoniate of potassium as in No. I. is weighed as a sulphide. The apparatus 
(Rjvot, etc., loc. cit.) must lie so arranged uiat the arsenic fiiiues may 

Method B, Oxidize the mixed metal or sul- be carried either into a chimney or into the 

phide by boiling with aqua regia, or with chlor- open air. A simple ignition of the arseniat* 

hydric acid to which crystals of chlorate of with sulphur in a covered crucible would bo 

potassium are frequentiy added, ajid remove sufficient in most cases to complete the reduc- 

the arsenic acid by precipitation as Arseniate Uon of the arseniate and to expel all the ar- 

of Magnesium and Ammonium. Determine senic, but the residual sulphide would then, be 

the antimony in the filtrate as Sulphiile. let^ in an impure condition. 'Fhe purpose of 

Method C. See Antimonious Acid, (vola- the current of hydrogen is to ensure tlie re- 

tility of). moval of' any excess »rf sulphur from the resid- 

Antlmony Compounds. ual sulphide. 

Principle I. Reduction of to the metallic In case the substance to be analyzed has 

state by nydri^en. been thoroughly mixed with sulphur, a single 

ApplicMions. Estimation of antimony in ignition will complete the transformation of uio 

^the sulphide or in any other compound of an- arseniate to a sulphide, but it is always well, 

timony. after weighing, to mix the residue witii a i'resh 

Method. Weigh out a small quantity of the quantity of sulphur and to ignite a second, or 

dry sulphide, or other compound of antimony if need be, a third time until the results of two 

to be tested, in a weighed bulb-tube of hard conseuurive weighings are the same. In order 

glass; connect the tube with a hydrogen gen- that the amount of arsenic may be determined 

erator and pass a slow stream of dry hydrogen by the loss, the substance t b an Ij d h Id 

through the tube. Heat the antimony com- be made anhydrous by h at nj, t n a I) to 

pound, gently at first, until the compound is redness, l)efbre weighing th gh th t n 

wholly reduced and the sulphur or other subli- with sulphur would take pl w h n a 

mate has been completely expelled from the dried arseniate as well as w th n wh h had 

tube. Remove the lamp and continue the cur- been ignited. The crucibi npl)'dn tnt 

rent of hydrogen until the tube is cold, then only be of porcelain but ust b p d 1 w Ch 

hold the tube nearly upright for a moment to a porcelain cover; a plat urn w II n t 

fill it with air and weigh it tc^ther with the answer since the arsenic fiunes would quickly 

antimony which it contains. A minute quan- render it brittle and friable. (H. Rose, Zeitseh. 

tity of antimony is apt to be carried forward analyt. Chem., 18()2, 1. 413). 

either as antimoniuretted hydrogen , or through Principle II. Reduction of by chloride or 

volatilization of sulphide of antimony, in the sulphate of ammonium. 

current of gas. but most of it maybe recovered Appliealions. Estimation of arsenic, by loss. 
by heating the narrow part of the tube to red- Separation of Na, K, Ba, and other metals 
ness with a second lamp placed beyond the frotu arsenic acid- 
bulb. A mirror of metallic antimony will be Method A. With Chloride of Ammonium. 
deposited near this second lamp, on the walls Mix tlie finely powdered ai-seniate willi from 5 
of the tube. When the operation is carefully to 8 times its weight of chloride of ammonium 
conducted the loss of antimony through vola- and heat the mixture in a covered porcelain 
tilization is so small that it hardly amounts to crucible until the weight of the residue r- 



B quarter of one per cent of the total weight mains constant. Arseniates of the alkali metals 

c^ the antimony, even if no second lamp be em- are easily reduced in this way to the condition 

ployed, but it is easy to drive off half a per of chlorides. So, too, is arseniate of barium, 

e by careless beating. The matter though far less easily than the alkaline arsen- 
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i.».- but menUle of mmne.ium onnot be pomible qomtitj of w.l.i, wltt th« aid of 

iSiS,™"o.d. Tbr™..i.t.. of too, Sentl. h». Pou, „po. the »lut,„. > lay 

oobiltana nioke! heated with chloride of am^ exoess ol aicohol of 0.83 sp. gr., cover the 

m»tom ii " sSao, of bydrc.00 yield metal- di.h which contain, the nnal^ore and leave t 

momura "> « »' J > ^ y^ j ^ ^^ for 12 hours. Insolnbte double aid- 

wT=;,Si » mS ^itf o i SenlJ phate. of amn.onium uud of the „=»1. .o he 

that no EtUufcrmation can be obtam.d hj Separated are de[«...ted a. fine erjjtJhne pow- 

SinS A?Sate of copper i. r«lnc.4 d.™ while the a™»,e acd and 'Je »■»••' 

rS3e eoooer free 60m iSenie, but dur- aulphnnc aeid disaolve in the alcohoL Col eot 

S.Ttaul.to'^ JSttity of oUerid. of cop- the preeipitat. n™ a filBr, waah it wj.l alco- 

SSSaSin the form of (ja.. The proee» hoi, dry, ^If » dnve off julpbat. of »nn,^ 

pec eajaiffis m uro s ^e . ^^ reg,jnal sulphate of , 

S.Ts"i 74. 5.8; f.Ah«- ZmUch. „„al,U ™"I»?f". ''■»~'™ *", ™S ";£ eS 

J'j,,™ 1SR9 1 i221 propnate way. Ihe arsenic acid may oeesH 

jX'Afld B IPSft 5a;pftate «■ ^cid S«ii-S<«e mated from the loss or as ArBem|.te of Mag- 

„M— L. Aecorffng to Finkener, acid ne.ium Mid Ammonmm alter ddutuig with 

sulphate of ammonium decomposes many ar- "^«'- ^°^ fP^l^f,,^^"'^;'' ,„„„;„„ «„d 
senWs far moi-e (^uiekly and completely than The ■J'"'"^,^' ^"^P^.^^, li^rbe dZlved 

chloride of--™- JKiC^e intrirarng";^: ZLol orTS 

■" ? f Tk^«v«S^ wor^ detrib ng i.! ^s -ill be formed impermeable to alcohol. 

pop^ef erueible 7 or 8 .mes^ - -^^'iJ fSnT ^ i cJ ^uS^rsthiruL 
teCmpr^dVand add the latter, little by alcohol may have dissolved; though as a rule 
mtIe^Z™derrthe melted salt. Fi- the addition of the ether is not necessa^. 

little, in une powaer to u^^^^ ^^ ^^^^^^ ^^ ^^^^^ Arseiiiate of Iron (Ferric 
" ' Arsenlate). . 

Priuuiple. Insolubility in water and fixity 
the crucible/ It would not be well lo heat the when heated. ■ ^ ■ , 

mixture of the ammonium salt and areeniate Applicalkttg. Estimation of arsenious anil 
directly, since the mixture would troth vio- arEenic acids in eolutionR free from other sub- 
lentlv as it became fluid and some of it would stances precipitable by ammoma-water, by sea- 
be thrown out of the crucible. Normal aul- quiehloride of iron, on addition ot anin.onia- 
phat« of ammonium can be used instead of the „ater, or by carbonate of barium. Separation of 
!ieid salt, tliough the arsenic is rather more aisemc from Li, Na, K; Ba, Ca, br, Zn, Mn, 
readily expelled by the latter. The proceaa Mi and Co. . , , 

would be valuable, were it not that the crucible Method A. The substance to be analyzed con- 
is stronslv acted upon by the melted ammo- Jams no non-votatUe metals besides alkah-metals. 
nium s^t in auch manner that the metallic (Bertliier's method). Alix the solution which 
sulphate to be weighed is eontaminaled with contains the arsenic acid with a measured quan- 
other sulphates, formed by the union of sul- tity of a standard solution of nitrate ot i*s- 
nhuric acid with the ingredients of the cruci- quioxide of iron and add ammonia- water to tne 
ble to such an extent that the results are mixture until a decided odor of ammonia per- 
usuaUv much too ygh. (H. Eoae, ZeUseh. siats. In caae the aubstance to be examined 
analJ. Ckem., 1862, L 423). contains arsenious acid, it roust first be Moated 

PrmdpU in. ■ Reduction of by cyanide of with aqua re^ia, or with nitnc acid and chlo- 
potasaimT See Arsenic, volatility oi: rate of potassium, to convert the araenioua acid 

''^Principle IV. Solubility in alcohol. into arsenic acid. If the precipitate produced 

Appl4aiious. Sepai-ation of areenic acui by aramoniais not of a reddiah-brown co^oran- 
from most of the arseniatea. The arseniates other measured portion of the standard iron 
of iron and aluminum seem to be less easily solution must be added, and afterwards enough 
anaivaed in this way than most other arsem- ammonia-water to make the solution alkahne. 
ates 'ilie maenesiuni salt, on the other hand, After the mixture has stood for some Urae at a 
has been thus analyzed with great exactitude, gentle heat, collect the precipitate upon a tl- 
Method. Mix the arsenia^ to be analyzed ^r, wash it with water and allow it to dry. 
with concentrated sulphuric acid in a platinum Place the dry precipitate togetlier with the hl- 
dish, and keep the mixture slightly warm until ter ash in a platinum crucible, and heat it very 
it fb^ms a thick syrup. Add Uy the syrup a genUy for some Ume m order to expel ammo- 
auantitv of solid sulphate of ammonium equal nium compounds at a temperature lower than 
to tiiat of the ai^niate taken and again heat the that at which they can reduce arsenic _ acid, 
mixture until moat of the excess of sulphuric Increase the heat gradually and at last ignite 
^wCbeenrxpelled. Allow the mixture to the crucible intensely. The substance weighed 
cool and dissolve the viscous maaa in the least is araenic acid plus aesqmoside of iron, but the 
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weight of the latter ia known from the quantity the arsenical solntion contains barinm, calcium, 

of the standai'd iron solution takuD, Hence we strontium or stny other raetat whose arsiniate 

have only to deduct tlie weight of ferric oxide is insoluble in ammonia-water, 
taken from the weight of tde ignited precipi- Method B.' The eubtOance to be analyzed 

tate to obtiun the amount of areenic acid con- contains other non-vdatUe melah iewtee alkali 

tained in the substance analyzed. melah. (V. Kobell's method). Mix the solution 

The beat way of making the standard iron of arsenic acid with an excess of a standard 

solution is to dissolve fine iron wire (jiiano wire) solution of nitrate of iron, as in Method A, 

in hot nitric acid, to dilute tlie liquid to some htit instead of ammonia- water add an i^cess 

definite volume (see Alkalimetry), and then to of carlwnate of barium to throw down tlie ba- 

determine how much seaijuioxide of iron is con- sjc aiseniate of iron. If the arsenical solution 

tained in 10 c. c. of the liquid, hy precipitation iJe strongly acid it should be nearly neutralized 

with ammonia-water (see Hydrate ot Iron), with carbonate of eodium before adding the 

In this case the presence of a. small amount td' carbonate of barium. The liqiud must be kept 

silica or other precipitahle impurity in the iron clear, however, until the moment when the ha- 

does no harm, since it is weighed with the ox- rium carbonate ia mixed with it. The mixtuie 

ide of iron both when the' strength of the iron must not be heated but should be left to stand for 

solution is determined and in the final arsenic several hours in the cold after theaddition of the 

estimation. (Berthier). carbonate of barium. Alltheironandallthear- 

Precautioiis. The process is applicable with senic will be thrown down in the form of basic 

sulphuric acid solutions as well as with solutions arseniatc of iron, while an equivalent propoi'- 

charged with nitric or with chlorhydrie acid, tion of the carbonate of barium dissolves, 

but when sulphuric acid is present it is well to Wash the precipitate, which is of course mixed 

ignite the crucible and precipitate a second with the exceaa ol' the carbonate of barium, by 

time or even a thinl time after weighing, until decantation with cold water, collect it upon a 

the weiglit remdns constant, in order to be filter, dry, ignite gently for some time (see 

sure that all the sulphuric acid has been ex- Carbonate of Barium), and weigh. Dissolve 

pelled. This precaution is doubly necessary the weighed precipitate in strong chlorhydrie 

since it would here be inadmissible to employ acid and dttermine the amount of barinm by 

carbonate of ammonium (as is done with Sol- precipitation as Sulphate of Barium. From 

phate of Potassium), to remove the last traces the amount of sulpliate of barium found, eal- 

of sulphuric acid. In case chlorhydrie acid is culate the equivalent quantity of carbonate of 

present, the' last traces of chloride of ainmoni- barium, add the weight of this carbonate to tlie 

urn must bo washed out of the precipitate lest weight of ferric oxide taken, and deduct the 

some of the iron be volatilized as sesquichlo- sum from the weight of the mixed precipitates 

ride, on ignition. In any event the precipitate of areeniate of iron and carbonate of barium; 

must be cautiously heated. If the dry precip- the difference will give the amount of arsenic 

itates were strongly ignited atonce witlioutany acid contained in the substance analyzed, 
preliminary warming, some of tiie arsenic acid The method cannot he appUed directly ii 



would be reduced to the condition of arsenious presence of metals precipitablo bj' carbonate 
acid or even to metallic arsenic by the action of barium in the cold. So, too, if sulphuric 



n compounds contained in the pre- acid be present it must be removed by n 

cipitate, and the residue would weigh less than of chloride of barium before the analysis can 

it ought. Even with the most careiiil healing be proceeded with. 

a small amount of material is usually lost. Be- Properties of the PTecipitale. The success of 

sides this liability to loss through reduction of Method A depends materially onthe state of ag- 

the arsenic acid, an objection to the process is gregationol' the precipitate. It must be a highly 

found in the &ct that it is sometimes very bard basic compound, neither slimy liorsoluh'einam- 

to wash the precipitate completely, and that the uionia-water. The composition of the precipitate 

last portions of wash water are apt to dissolve obtained in Berthier's process may be taken as 

some ai'seniateofiron, in wliich event the wash varying from 2FejOg, Ap^Oj to 'iSFcjOj, As^ 

i*ater acquires a faint reddish color. Thisdif- 0^ The more bssio it is the better. The Itt 

ficulty may be avjided, however, by washing FejOg salt is as insoluble in aiumonia-watcr 

with dilute ammonia-water. and as little slimy as ferric hydrate. It is to 

In spite of the greater bulk of the precipi- be observed that normal arseniate of iron 

tate it is best to employ a lai^e excess of the (2F_ejOa, SHjO, 3AsjOjri-9HjO), as obtained by 

standard solution of iron, for the highly basic mixing a solution of ferric chloride with one 

arseniatea of iron "are less slimy and are far of ordinary arseniate of sodium, is a white 

more easily washed than those which contain slimyprecipitate soluble in ammonia-water and 

a larger proportion of arsenic. A good rule of no use to the analyst. Pfaff (Handbach an- 

ia to take one part by weight of metallic iran alyt. Chem., Altona, 1824, 1. 221 and 2. pp. 335, 

for every two parts of arsenious acid which the 344, 459, 476, 478, etc,), who thought highly 

substance to l>e analyzed is supposed to con- of the principle now in question, as a means of 

tain. separating iron Horn nickel and from manga- 

rm . .!■ g inapplicable when nesc, describes the baric arseniate of iron as a 
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■white pulveralent precipitnte which fella im- the precipitate upon & filter, wash and dry it, 

mediately, even in presence of 25, 000 -parts of ignite it gently apart from the filfer, in a poree- 

water. . Accortling tu him, it is compact rather litia crucible, weigh and finally determine the 

than gelatinous, and may be readily coUecteil amount of lead contained in the precipitate, as 

and waslied; it is mucli luore difficultly soluble Sulphate of Lead. - Another method of proce- 

diitu the beuzoate or succinate of iron, — 5 dure is to disBolve the substance to be analyzed 

times less soluble than tlie last named salt, in nitric acid,tomiKthesolutionwithan excess 

FtalT obtained his precipitates by adding mono- of nitrate of lead, and to carefully evaporate 

arseniate of potassium to solutions of ferric the mixture to dryness in order to expel the 

Galt& ^ It is north inquirinj; whether the pre- free nitric acid. The dry residue, consisting 

cij)itate thus throvrn down might nut be weighed of arseniate of lead, nitrate of lead, and 

directly and then reduced intb sulphur by H. nitrate of the metal previously comhitied with 

Boso's method (see Arsenic Acid), in order to arsenious acid, is then washed witli water and 

obtaia the proportion of iron and of arsenic the araeniate of lead collected on a filter. 

contained in it. The excess of lead must of course be removed 

Arseniate of Lesd. {vom the filtrate before proceeding to determine 

Principle I. Fixity when heated to low the other metal or metals contained in it. 

redness. Instead of evaporating the nitric acid solution 

Applications. Estimation of arsenious and of arsenic it may be carefully neutralized with 

arsenic acids in aqueous or nitric acid solu- an alkali and then mixed with acetate of lead, 

tions free from chlorhydric acid and non-voia- Unlike nitric acid, acetic acid dissolves scarcely 

tile substances, as well as amiooniuui salts and any arseniate of ISad, hence arsenic acid may 

other reducing agents. Valuation of arson- be completely precipitated by adding acetate 

ious acid and metallic arsenic. of lead to a solution of free arsenic acid without 

Method. Weigh a quantity of the solution need of neutralizing or evaporating the liquid. 

to be examined in a tolerably large porcelain Though inconvenient and almost obsolete, the 

crucible, and, in case the solution contains no process may still be employed in soifie cases, 

arsenious acid, mix with it directly a weighed It is inapplicable in presence of chlorhydric 

quantity of pure, recently ignited, oxide of acid or a chloride, for in tliat case insoluble or 

lead. T^o or 6 times as miicli oxide of almost insoluble double compounds of chloride 

lead as there is supposed to be arsenic aeid in and arseniate of lead would be precipitated. 
the substance, and stir it into the solution wiih ProperHes. Pure arseniate of lead is a white 

a fine glass rod. Evaporate the mixture to powder, yellowish when hot, which softens at 

dryness on a water bath, heat tlie resi<lue to « low red heat. It fuses when heated strongly 

low redness and maint^n it at that tempera- and is then apt to suffer slight decomposition, 

ture for some time. Finally, weigh the residue » small propoHiion of arsenic acid being lost in 

and deduct the weight of the oxide of lead the form of arsenious acid and free oxygen, 

taken, in order to obtain tlie weight of the ar- The substance actually weighed in the first of 

senic acid. The process affords excellent the two processes above described is not pui« 

results provided the residue is not heated too arseniate of lead, but a mixture of that 

strongly. ^ The oxide of lead is best pre- substance with free oxide of lead. The product 

pared by igniting pure nitrate of lead. obtained by the second process is a variable 

In determining the value of any sample of mixture of tri- and di-araeniate of lead, 

metallic arsenicor arsenious acid, or in anaJyz- Arseniate Of Magneslum and 
in^ a solution of arsenious aeid, dissolve tlie AmmOnium, 

substance in nitric acid, or mix the solution Priiioipie. Sparing solubility in aminoniated 

with thiii acid, and evaporate the liquor t« a water, and fixity at 100°. 

small bulk befijre adding the oxide of lead. Applkalions. Estimation of arsenic aeid in 

The dry residue must be ignited with special all solutions free from substances permanently 

care in this case in order to avoid loss through precipitable by ammonia or by a mi^;nesium 

decrepitation of the nitrate of lead. The cru- salt. Separation of arsenic aeid from ail acids 

cible should be placed upon a sand bath at first which form soluble magnesium salts. Separa^ 

in order to ensure a gradual elevation of the tioD of arsenic from arseniomolybdate of ain- 

t«mperature, and shoifld be kept covered. A monium; firom K, Na; Al, 2n, Cd; Ma, Si, 

similar remark applies of course to all cases in Co, Fe; Cu and Sb.' Separation of arsenious 

which nitric acid is present. from arsenic aeid and of Mg from K and Sa. 

Principle 11. Insolubility in water or acetic Method A, Aisence of sabstances predpi- 

aeid. table by ammonia or by raagnesia. Add ia the 

AppHeadons. Separation of lead from many solutjon which contains arsenic aeid ammonia- 

metala — among which may be meatioited Na, water in diatinct excess, and stir into the liquid 

K, Li ; Zn, Cd and Cn. (PfhS*). a mixture of sulphate of magnesium, chloride 

Method. Mix the solution of arsenic acid, of ammonium and ammonia (aee bulphate of 

which must citlier be neutral or alightly aeid- Magnesium) as long as a preiipitit 

utatcd with acetic acid, with an excess of a to &I1. This "magnesii mixture 

solution of acetate or nitrate of lead. Collect a solution of sulphate of m ignes i 
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with so much chloride of ammonium that no of composition represented by the formula 

magnesia can he precipitated from it by ammo- 2MgO, (NH^)^©, As205+12HaO. When 

oia-wal«r. I^ave the liquid and precipitate at heated to lOS^-IIO" it loses 11 equivalents of 

rest for 13 or 24 hours in the cold. Then water, so that the foi'mula of the compound 

collect the precipitate upon a, weighed filter actually weighed is 2MgO, (NHJjO, AejO^ 

which has been dried at 10S°-110°. — The -J-HjO: — 

liquid should smell strongly of ammonia, af- jjfgo .... 80 ... . 21.05 

tcr the addition of the m^nesia-misture, but (NH.),Li .... &2 ... . 13,^ 

should contain no more chloride of ammonium '^If'tj ' ' " ! ^ .' .' i i **'m 

or other ammonium salt than is absolutely nee- ' ' ' — * ' 

essary to prevent the precipitation of hydrate ^® lOO.oo 
of magnesium. The precipitate is in fact eon- The precipitate might be dried at 100° if only 
siderablj more soluble in solations of ammO' time enough were allowed. But at the tem- 
nium salts than in pure water. The liquid peralnre of a water bath, the precipitate re- 
must never be healed, and time enough must tMus 2 or 3 equivalents of water with consid- 
be allowed for the precipitate to separate from erable force. 

it completely before filtering. Since the pre- On i^ition the eomponnd loses water and 

eipitate is by no means absolutely insoluMe in ammonia, and changes to arseniate of magne- 

ammoniated water, it must be washed with sium aMgO, As„0.. It is not impossible to 

extreme care. In order to avoid using any obtain ^ood results by igniting the precipitatfl 

more waterthan is absolutely neeessai^ forthe and weighing the residue as Level (_Annale9 

washing, transfer the precipitate irom the Chim. el Phya., (3) 17. 501), the inventor of 

beaker to the filter by means of portions of the the process, originally proposed. Wittsl«io 

filtrate, and afterivards wi^h it npon the filter (^Zeituch. analyl. Chem., ISSS, 2. 20), in reas- 

wilh small quantities of a mixture of 1 part serting the propriety of this course, directs 

Strong ammonia-water and 3 parts water until that the crucible be placed at first on a sand 

the waHhitigs mve only a slight opalesoenee bath and heated with a small spirit lamp until 

when acidufoted with nitric acid and mixed tlie odor of ammonia is no longer perceptible, 

with nitrate of silver. Dry at 105°-110° and Then remove the crucible from the bath and 

weigh. heat it over the free Same more and more 

'I1ieproce9eyieldssat!sfactorjrresulte,thoi^h strongly, almost to redness. H.Rose admits 

on account of the solubility of the precioitate that by rising the temperature of the preeip- 

they are always somewhat lower than theory itate very gradually dnnng several hours, from 

requires. According to Fresenius, this error 100 to 400°, and then as gradually from dull 

may be partially corrected, as follows: — Measure to bright rednras, all the water and '" 

the filtrate, without the wasiiings, and fiDr may be expelled without losing ai 

ever)' 16 c. c. of the liquid add 1 m. g. to the through the reducing action of the 

weight of the precipitate. The wash water But m case the dry precipitate is exposed 

must not be measured since it cannot be re- directly to a high temperature, a very consider- 

garded as a saturated solution of the double aUe portion of the arsenic is lost. Aceord- 

arseniate. ing to his experiments, if the precipitate 

Instead of washing with ammoniated water, be gently heated for a short time and then 

as above, H. Rose directs that the solution to brought to redness, no morethanSG percent of 

be examined be concentrated to a small bulk, the arsenic contained in the magnesium salt 

supereaturated witli ammonia- water and mixed will ever be obtiuued, while results as low as 

with one Quarter its volume of strong alcohol 95 and 93 per cent are common. If the pre- 

before adifing the magnesia mixture, and that eipitate be exposed at once to a red heat, only 

the precipitate, alter standing 4S hours in its about 88 per cent of the arsenic is lett to be 

liquor, be washed with a mixture of 4 vols, weighed. The precipitate might be ignited 

water, 1 vol. absolute alcohol, and a not too with bisulphate of ammonium and reduced to 

small quantity of ammonia-water, the condition of sulphate of magnesium (see 

In ease any portion of the arsenic in the Arsenic Acid) before weighing, were it not for 

original solution is not aheady in the form of the errors introduced by the action of the 



acid or an arseniate, the solution must monJum salt upon the material of the crucible. 

be gently heated in a Qask with nitric or ehlor- The double arseniate cannot be completely re- 

hydric acid, and small portions of chlorate of duced, however, by igniting it with sulphur or 

potassium thrown into the liquid until the lat- with carbonate of ammonium, or in a current 

ter emits a strong odor of chlorous acid. When of hydrogen gas. (H. Rose, Zeitsck- anatyl. 

[dl the arsenic acid has thus been oxidized, Chem., 18fl2, 1- pp. 418, 424). 

heat the liquid genUy to drive off most of the Arseniate of magnesium and ammonium is 

chlorous acid, and proceed with the addition much more soluble in pure water than in dilute 

of ammonia-water and magnesia mixture as ammonia-water or ammoniated spirit. It is 

before. more soluble in aqueous solutions of ammonium 

Properties. The double araeniate is a white, salts than in water, though the solvent power 

somewhat transparent, crystalline precipitate, of these suits is diminished by the presence of 
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At the temperature of 15° dish, roast the residue in a mnffle to destroy 

according to Fresenius (Zeitsch. anolyt. Chem., sulphur and oreanic matter, fuse with cirljou- 

1864, 3. 307), 1 part of the salt (reckoned sui ate of sodium, dissolve in chlorhydric ac'.d and 

dried at lOi)") dissolves in 2656 parts of water: precipitate Hydrate of Aluminum. 

in 15038 parts of aramoniated water, made by Method D. Separalion of Arsenv: from An- 

mtxin^ 1 part of ammonia-water, of 0.96 sp. Ihmmy. Proceed as in Method C. But imme- 

gr., with 3 parts of water; in 1315 parts of a diately after adding the tartaric acid mix with 

dilute and 844 parts of a strong solution of the solution a lai^ quantity of chloride of 

chloride of ammonium (containing respectively ammonium, l>efore proceeding to saturate with 

70 and 7 parts of water to 1 part of chloride ammonia- water. Any precipitate produced on 

of ammonium); anil in 2H71 partsof a solution the addition of the ammonia-water would go 

made by mixing 60 parts of water, 10 parts of to show that the ijuanlity of chloride of amnio- 

amntonia-water, of 0.96 sp. gr., and 1 part of nium or of tartaric acid previously added was 

chbride of ammonium. insufficient, and that a further portion of one 

Method B. Separalion of Arsenic Acid from or tlie other of these agents must be added 

Ar»enioiis Acid. Mix the tolerably dilute so- before adiling the magnesia mixture. — In 

lution of the two acids widi a large quantity case the substance to be analyzed h an alloy, 

of chloride of ammonium and then precipitate or a mixture of sulphides, oxidize it in the 

the arsenic acid with magnesia mixture, as in manner described under Antimony. Finally 

A. The arseniouB acid may be detennined determine the antimony in the filtrate as Sul- 

in the filtrate as Sulphide of Arsenic. If the phideof Antimony, 

.original solution be too concentrated some Method E. Determination of Argenie Acid 

arsenite of magnesium will go down widt the m a precipiiate of ArseniomolyMate of Ammo- 

double arseniate. To be sure of the purity of nium. Dissolve the precipitate upon the filter 

the Utter it is well to dissolve it in chlorhydric in ammonia-water, wash the paper thoroughly 

acid, after weifihing. and to test the solution and add enough chlorhydric acid to the solu- 

with sulphuretted hydn^n. The immediate tjon to neutralize a good part oi the ammonia, 

formation of a precipitate would indicate the Take care, however, to leave the solution clear 

presence of some arsenious acid. and smelling strongly of ammonia. Finally 

Method C. Separation of A rsenic A cidfrnm add the magnesia mixture and proceed as in 

Cd, Zn, Al, Ur, Mn, Fe, Co, Ni ami Cu. Method A. 

Dissolve the substance to be analyzed in chlor- Method f. To separate Ma^nesiwn from 
hydric or nitric acid, and in case the arsenic is Potassiian or Sodium, mix the solution with a 
not all in tlie condition of arsenic acid, bring quantity of chloride of ammonium, add ammo- 
it to that state by means of chlorate of potassium nia-watN in excess, and a solution of arseniate 
as in Method A. Mix the tolerably dilute of ammonium as long as any precipitate falls. 
solution with enough tartaric acid to prevent Allow the mixture to stand and treat the pre- 
the formation of a precipitate by ammonia- eipitate as in A. To determine tlse potas- 
water, and then with ammonia-water in excess, sium or sodium, evaporate the filtrate frcnn the 
Finally add the mixture of sulphate of mag- double arseniate to dryness under a chimney 
nesium, chlcmde of ammonium and ammonia, and ignite the dry residue. The excess of 
and proceed as in Method A. arsenic acid goes off, together with die animo- 

Since the precipitate, in this case, is liable nium salts, wliile the alkali metals are left as 

to be contaminated with a difficultly soluble chlorides, always contaminated, however, with 

basic tartrate of magnesium, it is best, after a little chloride of mt^nesium. Magnesia may 

washing once with the ammoniated water, to be separated more quickly from the alkalies in 

redissolve it in chlorhydric acid, to mix the solu- this way than by means of the double Phos- 

tion witha verysmaHquantityoftartaric acid, phate of Mi^esium and Ammonium, but the 

to supersaturate with ammotua and allow the latter process is mare accurate, and on the 

whole to stand during at leart 12 hours. ITie whole, more convenient than the one just de- 

pure precipitate thus obtained may then be scribed. 

collected, washed, dried and weighed. The Arseniate Of djnoxide of Mer- 

process is better Suited for separating larjre CUry. 

than small quantities of arsenic acid ti-om the Principle. Insolubility in water, 

metals in question, for if the proportion of Applications. Separation of arsenic acid 

arsenic be very small the amount of arseniate fromNa,K; Ba, Ca, Sr; Mg, Cd, Zn; Co, 

of magnesium and ammonium which is neees- Ni, Pb and Cu. 

sarily dissolved in tie process of washing may Method. Same as that described under 

exert a very considerable influence on the Phosphate of dinoxjde of Mercury, excepting 

accuracy of the result. that the arsenic acid cannot be determined in 

With the exception of aluminum, the vari- the insoluble residue in the way that phospho. 

ous metals may be thrown down as Sulphides ric acid is determined. 

from the original filtrate, by means of sulphy- Arseniate Of PotaSSium (Or Ot 

drate of ammonium. To determine aluminum, Sodium). 

evaporate the filtrate to dryjieas in a platinum Principle. Solubility in water- 
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ARBENIATES. 



from Zn. (B). Separation of arsenic atid 
from luany invtala, including tliase of the 
alkaline earths. 

Method A. Boil the finely powdered, un- 
Jgnited arseniate of iron, or other metal, for 
some time with a solution of a eaustie alkah, 
or leee advantageoualy with a solution of aa 
alkahne carbonate. IKlute the liquor mth 
water and filt«r it in order to separate the 
Boluble arsoniate of potassium or of sodium 
from the iosolublc uxiile or earbonate which 
remains undissolved. ^ Sinue oxide of zinc 
is soluble in caustic alkalies, arseniate of zinc 
must always be treated witli a carbonated 
alkali. It is not easily decomposed in any 
event. (V. Kobeii; H. Rose. ZeUsch. analf/t. 
Chem., 1862, l- 425). It will not answer to 
simply precipitate the solution of a metallic 
arseniate tvith an excess of a solution of oar- 
bonate of potassium or of caustic potasli, since 
more or less arsenic would almost always be 
retained hy the precipitate. ^ The methoi! 
is inapplicable for the analysis of native arsen- 
iate of iron, or of the artificial product after it 
has been ignited. Only a part of the arsenic 
can be removed fr<BH tlieee substances by boil- 
ing alkah. (Berzelius). 

Method B, Mix the powdered substance to 
be analyzed witli 3 paita of dry carbonat« of 
sodium, or better, with 3 parts of a mixture of 
equal equivalents of the oiU'bonates of sodium 
and potasuuut, and melt the mixture at the 
blast lamp. The mixture of carbonate of 
Bodium ancl oarboiiate of potassium melts mi>re 
easily than ^ther carbonate taken by itself. 
When the mixture has been thoroughly fused, 
all the arsenic acid will be found in the condi- 
tion of arseniate of sodium, and the metals to 
be separated in the form at insoluble carbon- 
ates 01' oxides. Dissolve the fused mass in 
water, separate the soluble arseniate fay filtra- 
tion and estimate the arsenic acid as Arseniate 
of Magnesinm and Ammonium. 

The process is objectionable, inasmuch as no 
vessels can be found proper to be used for the 
Ihsion. There would be danger of destroying 
a platinum crucible through the combined ac- 
ijon of an alkaline arseniate and reducing 
gases from the lauip; if a porceldn crucible is 
used its glazing will be dissolved by the melted 
alkali, and the solution of arseniate of sodium 
will thus beco[ue contaminated with aluminum 
and silicon. The risk of destroying a plati- 
num crucible is lessened, and the fusibility of 
the flux inci'eaged, by mixing a quantity of 
nitrate of potassium with the carbonate; but 
the process cannot be commended unless the 
proportion of arsenic in the mixture to be an- 
alyzed is very small. 
Arseniate of Tin (SnO,). 

Pr'mcijjle. insolubility of tlie compound in 
water and dilute nitric acid, and fixity when 
ignited. 






Applieat'ions. Estimation of tin and of ar- 
senic in commercial stannate of sodium 

Method. Mis a weii^hed quantity of the 
Btannate to be tested with a wtighed quiatity 
of arseniate of sodium, more than suflicitnt to 
precipitate the whole lA the tin Add an 
excess of nitric acid to the mtxtun. and boil 
the liquid; collect the preujHtate upon a filter, 
wash, dry, ignite and weign. Determine also 
the arsenic acid in the filtrate by precipitating 
it as Arseniate of Magnesium and Ammoninin. 
The amount of tin is found from the weiifhb 
of the i^-nited arseniate of tin, and tliat of thu 
arsenic by adding ti^ther the quantities of 
arsenic tound in the arseiuat« of tin and the 
arseniate of tfiagnesiuui and amnionium, and 
subtracting from this sum the quantity of 
arsenic added in the form of arseniate of 
sodium. 

Properties. The compositicai of the washed 
precipitate may be repi-esented by the formula 
2SnO^ AsjOj-f- lOH^O; and that of the ignited 
precipitate by the formula 2SnQj, As,Oj. (E. 
Hteffely, Phd. Maj/., (i.) 10. 391). 

The same principle is involved in a method 
of estimating argcinie and tin In an alloy of 
the two metals, proposed by Levol (Ann. 
Chim. et Phys., (3.) ie.4D3). Levol has found 
that when an alloy of tin and arsenic, contain- 
than 5 per cent of arsenic is boiled 
mc acid, the whole erf the arsenic will 
in insoluble combination with the oxide 
erf tin in the form of basic arseniate of tin. 
Even_ th co na pe of 

arseni rs wi m dis- 

solved h ss trie hen 

the pro ent 

some goe The 

process as — Tre tbo 

finely lam rong 

niti^c aLid, first In the cold, in order that stan- 
nous oxide may be formed, and afterwards at 
the temperature erf boiUng to convert the stan- 
nous into stannic oxide. Collect the arseniate 
of tin upon a filter, dry and weigh it and 
finally beat it in a current of hydrogen to de- 
termine the proportion of Arsenic. In case 
tiie filtrate also contains arsenic, estimate the 
quantity by precipitating aa Arseniate of Miig- 
nesium and Ammonium or in some other 
appropriate! way. 

Levol has applied this methwl to the esti- 
mation of arsenic in metaUie copper. He dis- 
solves the metal in nitric acid, mixes the sol- 
ution with a solution of stannous nitrate, pre- 
pared in the cold, and bdls the mixture. 
Stannic arseniate is thrown down fi-om the 
hot liquor, and the proportion of arsenic con- 
t^ned in it is estimated in the manner already 
described. 

Arseniateof Uranium. 

Principle. Insolubility in water and acetic 

Applications, Estimation of arsenic in ar- 
senic and arsenious acids and in arseiiiates aq^ 
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arsenita of the alkali-metals. (Method A^. water charged with about as muph e 

Estimation of arsenic as in A, and also in and acetic acid as were pi'cviouslv added to 

presence of Ba, Sr, Ca, Mg and Zn; hut not the arseniate of sodium. Four uranium solu- 

m presence of metals, such as Cu, which are tJon from the burette into tiiis acidulated water 

precipitated by ferrocyanide of potassium until a drop of the solution gives the red brown 

(Method B), reaction with ferrocyanide of potassium. — 

Method A. Gravimetric. Boil the solution A certain excess of the uranium solution has 
of arsenic acid with an excess of potash lye, always to be used in order to obtain the reac- 
Eupersaturate the mixture with acetic acid, and tion with ferrocyanide of potassium, andthe pur- 
add to the clear solution an excess of acetate pose of the second titration is to determine the 
of uranium. Wash the precipitate with a amountof thisexcessfbrtheparticulardegreeof 
very dilute solution of chloride of ammonium dilutioninvolvedinthegivencaso. TTienumber 
■ and finally remove the chloride of ammonium of c. c. of uranium solution employed in the 
by washing with a niixture of 1 volume of al- second titration must be subtracted from the 
cohol and 8 or 9 volumes of water. Dry the quantity first used, in order to obtain the true 
preci[)itate at a gentie heat upon a water bath value of the solution with reference to arsenic 
and ignit« it moderatclyin a porcel^n crucible acid. To be sure of the final reaction, spread 
for a long time. The crucible must not be out a drop of the liquor upon porcelain and 
heated to redness. place a drop of the ferrocyanide in the centre 

Precavtioiui. The solution to he analysed of the spot; if the titration be finished a dis- 
mast be free from ammonium salts; if ammo- tinct reddish brown line will form where the . 
nium salts were present ammonia would be two hquids meet. ^ Instead of ar.ieniate 
thrown down in combination with the precipi' of sodium pure arsenious acid may be used for 
tate and would reduce some of the arsenic standardizing the liquid; after having been 
acid when the precipitate came to he heated, weighed it must be converted into arsenic acid 
No metals of the alkaline earths or other by boiling with fuming nitric acid, 
eubstancee precipTtable by arsenic acid should In an actual analyus, the substance, aflerhav- 
be present. The solution must be perfectly ing been brought to the condition of arsenic 
clear stter the addition of acetic acid. Pre- acid, Js treated with ammonia water and acetic 
cipitaled arseniate of uranium is apt to be so acid, and the clear solution titrated with the 
finely divided that it would pass thi-oug^ the uranium solution, as above descnbed. The 



» of the filter if simply washed with water, second titration, to determine the 

This difficulty is avoided hy washing with for dilution, must be made in every analysis 

chloride of aininonima instead of water. As precisely as when the te«t liquor is standard- 

a rule tlie method is less convenient than that ized. In practised hands the process is s^d 

depending on the insolubility of Arseniate of to yield ^d results. A solution of nitrate of 

Magnesium and Ammonium. (Werther, Jaum, uranium is preferable to the acetate, since the 

Prakt. Ckem., 43. 346). latter gradually decomposes when exposed to 

Properties. The precipitate first thrown light. (Btedeker, Annal. Cheat, tin*/ PJiarm., 

down, of composition 2Ur,0a, HjO, As,Oj, is 117. 19.i). 

insoluble in water, acetic acid atid saline solu- ArSenio. tC'0'"Pire Arsenious Acid], 
tions, particularly in a solution of chloride of Arsenic is weighed either as metallic arsenic, 

ammonium. The composition of the residue as arseniate of iron (Fe^On), ar»oniate of lead, 

left alter ignition may be represented by tiie arseniate of uranium, arseniate of magnesium 

formula 2Ur,0s, As^O,. The proportion of and ammonium, oras tersulpliide of arsenic. It 

^'senic can he calculated from it directly. may he estimated by loss either as As,as AsCl^, 

Method B. Voluinelric. Prepare a solution or as As^Sg, by titration with oxidizing agents, 

of nitrate of sesquioxide of uranium oJ' such as will he explained under arsenious acid, and 

etrength that a litre shall contain about 20 by indirect methods to be explained below, 

grammes of the sosquioxide. Tliis solution (See also the finding list in Appendix), 
should canton as httle free acid as possible. Principle I. Sparing solubility of the metal 

To standardize (he liquor weigh out a quantity in chlorhydric acid. 

of pure arseniate ot sodium, dissolve it in Applicalwns. Separalion of arsenic from 

water, supersaturate the solution with ammonia tin. 

water, and finally make the liquor distinctly Methoil. Heat the granulated or laminated 

acid with acetic acid. Slowly pour the ura- alloy gently in a mixture of I equivalent of 

nium solution from a burette into the acidulated nitnc acid and 9 equivalents of chlorhydric 

solution of arsenic acid, with constant sturing, aeid. The tin alone will dissolve, while nietal- 

uutil a drop of the liquid placed upon a porce- lie arsenic is lef^ in the form of a powder, which 

lain plate gives a reddish brown coloration maybecollecteduponalaredfilter, washed, first 

when tested with fijcrocyanide of potassium, wiUi cold recently boiled water, then with alco- 

Note the quantity of umnium solution used; hoi, and dried at 100°. The acid must not he 

mark the height of the liquid in the beaker hy used in much larger proportion than 1 equiv- 

meaas of a strip of gmnmed paper; empty and alent nitric aeid and 9 equivalents chlorhydric 

wash the beaker and fill it to the mark with acid to 8 equivalents of the arseuiated tin. 
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When the acida are used in these proportions of the volatilized arsenic may thus be made to 

the solution of the tin is unaecompanied by combine with copper in one operation, 

the evolution of gas, the chlorides of tin and Since the tin always retains some arsenic, it 

of ammonium being the sole products besides must be dissolved in chlorhyilric acid, and the 

water. mixture of hydrogen and arseniurettisJ hydro- 

4Sn + HSiOj + BHCi = isuci, + NB.ci + aH,o. gen ei-olveil, after having been freed from chloi^ 

(Gay-Lussac, Annales Cliimie el Phyt., [3.] hydric acid hj wasliing wjih soda lye, must be 

23. 228), made to pass into a solution of nitrate of silver. 

For the separation of arsenic from an alloy Tlie arsenic in the gas is thus converted into 

of tin, antimony and arsenic see under Anti- arsenious acid while metallic silver is thrown 

mony. Principle I., No. 3. down. In case anv solid arseniuretted hydro- 

Principk II. Volatihty. gen (or insoluble alloy of arsenic) is left undis- 

AppHcations. Separation of arsenic from solved bj- the chlorhydric acid, it must be dis- 

antimony and from tin. solved m a few drops of nitric atid. Tlie 

Method A. To separate arsenic from anti- excess of silver is then thrown down as Chlo- 

nwnj weigh out some of the 6nely divided ride of Silver; the filtered arsenious acid is 

dloy in a bulb tube, mix with it 2 parts of mixed with the nitric acid solution of the "^DliJ 

carbonate of sodium and 2 parts of cyanide of residue,andthearsenicprecipitate<l as Sulphide 

potassium, and connect the tube with a source of Arsenic. ^ As a substitute for this 

of dry carbonic acid. Atter all the air has been method of procedure Berzelius recommends 

espelled, heat the tube gentiy for a while, that the arseniuretted hydrogen from the solu- 

afterwards gradually increase the heat to in- tion of the tin, be decomposed by passing it 

tense ignition, and continue to heat until all through a weighed quantity of red-hot copjier, 

the arsenic has been volatilized and driven and that the solid residue be neglected. 

from the tube. After removing the lamp, con- 8. The old mefiiod of separating arsenic 

tinue the current of carbonic . acid until the from certain alloys by roasting the mixture in 

tube has become cold, ihen lixiviate the con- a current of air until the o<lor of garlic was no 

tents of the tube, first with a mixture of eijual longer perceptible, or heating with admixture 

parts of strong ajcohol and water and after- of charcoal, in case the arsenic were present 

wards with water. Finally, dry and weigh as arsenic acid, gave only approximative re- 

the residual antimony. The quantity of aree- suits. For that matter, metals like nickel, 

nic is inferred from the loss. Tlie method is cobalt and iron, always retiiin a certain por- 

aaid to yield only approximate results. tion of the arsenic. (Pfaff, Hmidbuck analyl. 

In case it is desired to dispense with the ear- Chem., 1825, 2, 426), 

bonate of sodium and cyanideofpotassiumand Principte HI. Oxidation by chlorine in 

to fuse the alloy by itself in the current of alkaline solutions (Method A), by aqria regia, 

carbonic acid, special care must he exercised bj- a mislure of Chlorate ol' Potassium and 

in heating the alloy or much antimony wilt be nitric or chlorhydric aeid (Method B), or by 

driven off with the arsenic. Nitrate of Potassium. 

2. To separate arsenic from tin. Oxidize ApplicatioiiK. Separation of As IVom Fe, 
the alloy with nitric acid in a beaker, wash the Co, Si and Cu (Method A) ; from Sb (Meth- 
product into a porcelain crucible with a. solu- od B); from Ca, Ba, Sr; Mg, 2n, Cd, Mn, 
tJon of carbonate of sodium, evaporate to dry- Fe, Co, Ni; Ag, Pb, I!^, Cu, Bi (Method C). 
oeas on a water bath, mix the dry residue with Method A. Oxidation bg Chlorine. Same 
equalpartsof carbonate of sodium and cyanide as the methods described under Antimony, 
ot potassium, and melt the mixture. All the A solution of arsenialfi of potassium is pro- 
arsenic is driven off in the form of vapor while duced. 

the tin reiadns, partly in the form of metal and Method B. Oxidation by A qua rei/ia or by a 

trartly as oxide, and aa stannate of sodium, mixture of Chlorate of Polamnm and Nitric 

The tin is estimated as Oxide of Tin and the or Chhrkydric Acid. Same as the methods 

arsenic by the difference. described under Antimony. In order to avoid 

In case the substance to be analyzed is ar- the volatilization of terchloride of arsenic, 

seniate of tin, weigh out some of it in a glass care must be tafcen never to evaporate a solu- 

boat, introduce the boat into a wide glass tube, tion which contains arsenbus acid and chlorhy- 

paas a current of hydrogen through the tube drie acid unless free chlorine or chlorous or 

and heat the tube to dull redness. Metallic nitric acid be also present, 

arsenic suhUmes and is deposited as a coating Method C. Oxxdation by Nitrate of Potas- 

upon the colder part of the tube. Its weight sium. Fuse the allay with a mixture of 3 par^ 

is determined by cutting off that part of tiie of carbonate of soihum and 3 parts of niti-ate 

tube and weighing it first with the arsenic and of potassium. Boil the fused mass with water, 

t^^n after the arsenic has been dissolved. In separate the soluble alkaline arseniales from 

order to retain any arsenic which might go the insoluble oxides and* carbonates, by flltra- 

forward as arseniuretl«d hydrogen, it is welt to tion and washing with hot water, and determine 

lead the escapinggases through a short column the arsenic as Arseniate of Magnesium and 

of weighed hot metalhc copper. Or the whole Ammonium. ^ In case the proportion of 
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ARaEKIOUS ACID. 48 

ju^eenic in tlie alloyia not lar^ thefiiMonmay acidulate nith acetic acid; filter, to remove 

be effected in a platinum crucible, ill thebot'om the sulphide of arsenic which is thrown down, 

of which 3. laj-ev of carbonate of potassium has supersaturate tlie filtrate with bicarbonate of 

been placed before introducing the mixture, sodium, and proceed with the titration, Tlie 

When a porcelain cru<^ible is used, part of it is substance to be analyzed and the carbonate of 

dissolved hy the melted alkali and the fused sodium must be wholly free from sulphurous 

mass ia consequently contaminated with silicon acid, hyposulphites and other substances eapa- 

and aluminum. (Wtehler, Fogg. Ann., 26. ble of acting upon iodine. (F. Mohr, Titrir- 

302). meihode, 1855, p. 295), 

In order to avoid loss of arsenic by Tolatil- To separate arsenious from arsenic acid de- 

izatton, alloys rich in arsenic had better be termine the amount of arsenious acid in one 

oxidized with nitric acid in the first place and portion of the substance, by titration with 

the dry residue subsequently fused with S parts iodine a* above, then oxidize the arsenious acid 

of carbonate of sodium and ! part of nitrate in another portion by means of nitric aeid and 

of potassium. chlorate of potassium (Method i"), or by 

Arsenious Acid. [Compare Arsenic chlorine in alkaline soluUon, and determine 

Acid}. the total amount of arsenic as Arseniate of 

Principle. Oxidation by Iodine (A), by Magnesium and Ammonium. Calculate the 

Chlorine (B), by Bichromate (C), Perman- amount of arsenic acid from the difference, 

ganate (D), Nitrate (E), or Chlorate (F), Method B. Oxidation by Chlorine. 

of Potassium; by aqua regia or by Salts of A>^ + !H^ + «a-A8jOj + 4HCL 

Gold (G). 1 . By chlorine acting in an acid lolulion. 

Appltcaiions. Methods ABC and G The old method of ehlorimetry devised by 
mav be employed for determining arsenious Gay-Lussac (^Anitai. der Chem. und Pkarm., 
aei5 in arsenites and in the commercial acid; 18. 18), wliicb was formerly much used, de- 
fer separating arsenious from arsenic acid and pends upon the action of chlorine upon arsea- 
tbr determining arsenic in boiled clorhydric lotis acid in chlorhydric acid golulJon. 
acid solutions of sulphide of arsenic. Method A weighed quantity of pure arsenious acid 
A is well suited for determining the amount was dissolved in hot concentrated chlorhydric 
of arsenious acid in commercial realgar and acid, and the eolutbn colored with two or three 
orpimeot. It may be used for estimating iodine, drops of a solution of indigo in sulphuric acid, 
and also for standardizing iodine solutions,— A weighed qufUitity of the bleaching powder 
as will be explained under Iodine, — by which to be tested was mixed with water to a definit« 
to estimate Chlorine, Bromine, Ozone; Hypo- volume, and portions of the milky liquor were 
chlorous, Chloric, Chromic, Suljihurous and poured from a burette into the solution of ar- 
Sulphydric Acids; the higher Oxides of Man- seuious acid, until the blue color of the indigo 
ganese, Cobalt and Nickel; in short, all oxides disappeared. •• The process is dJstincuy 
which evolve chlorine when heated with cbior- inlerior in several respects to that in which the 
hydric acid; and tin in Stannous salts. chlorinated liquor is made to act upon arsen- 

Method B is largely used for estimating the ious acid in alkaline solution. Notably, be- 

yalue of bleaching salts. ^ Method E serves cause the oxidizing power of chlorine is less 

to separate arsenic from Ca, Ba, Sr; Mg, Cd, decided in presence of an acid than in that of 

2n, Mn, Fe, Co, Ni ; Ag, Pb, Hg, Cu and Bi. an alkali, and because some chlorine is always 

Method F may be used for determining nitric set free by the action of the acid and lost, at 

aeid. as well as for converting arsenious into the moment when the bleaching powder solu- 

ai^nic acid in the ordinary course of analysis, tion comes in contact with the arsenical liquor. 

Method A- Oxidation bi/ Iodine in Alkaline As an indicator, moreover, indigo is inferior to 

SoljUums. the mixture of iodide of potassium and starch 

ABiOj + aKMO + a = AeiOj + «)oL employed in the alkaline process. In practice. 

Weigh out as much of the substance to the color of the indigo does not disappear all 

be analyzed as will contain about 0.1 grm, of at once; it is destroyed gradually by the local 

arsenious acid, and dissolve it by boiling with actionof chlorine, wherever that agent happens 

30 c. c. of a saturated aqueous si^ntion of pure to be in excess in any part of the liquor, and 

bicarbonate of sodium. Stir some starch paste is not reproduced by the action of unoxidized 

' ' ) the solution, and afterwards pour in a arsenious acid in another part. Hence it ir 



standard solution of Iodine fi-om a burette, often necessary to add a fresh drop of indigo 

until the whole liquid just becomes blue. If towards the close of the 

the substance to be analyzed is an acid solu- be sure of the point of bi 

tion it must be neutralized witli pure carbonate 2. By Chlorine acltno tn an alkaline solution. 

of sodium, and if alkaline with pure chlorhy- [Compare the description of this methodundor 

dric acid, before mixing it with the bicarbon- Antimony], 

ate. Besults accurate. As applied to the estimation of the value of 

To determine arsenious acid when mixed bleaching powder (after Penot, Bulletin de la 

with sulphide of arsenic, boi! the mixture with SocieU IndimtrieUe de Mulkotise, 1852, and 

carbonate of sodium, dilute with water and Dingtei-'s pdyteck, Tom™., 1853, 137. 134), the 
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44 AKSENIOUS ACm. 

process may be conducted as follows; — Heat a of the given strength, as will appear from Ihc 

mixture of 4.4341 grros. of pure arscnious acid following proportion ; — 

and about 13 grnis. of crjKtalliEed carbonate of w ^ i, wfwi wfv 

sodium in et)0 or 700 c. c. of water, until the rfchlorta^ : 'i^Ai^s"*^ of cL'siB"* ■ x 

arsenic has all disKolved. Cool llie Bolulion '*^ ""* """^ 

and afterwards dilute it to 1 litre. Each cubic where x = 4'4341, or the qinntitj of arscni 

centimetre of this solution contains 0.004434 ous acid that 1 litre of chlorme cin (,un*ert 

grm. of AfijOj, corresponding to 1 c. c. of into arsenic acid. — To obtain dne<tlj the 

chlorine gas at 0° and 78 m. ni. pressure. cHoronietviea! di^rees emplojt,d m Tngland 

Weigh out 10 grammes of the bleaching and America, take e.97I& grma of araem ous 

powder, rub it in a tolerably largo mortar with acid for tie standard solution m'teii ol the 

a little water, to a smooth paste; gradnally add quantity state<l above, and diE^oliL to thi ^o'i 

more water, untU the mass becomes fluid, and ume of 1 litre. 1 c. c. of this liquid n ill be 

transfer the lii}uid little bj- little l» a litre equivalent to 1 c, c. =• OOo grm ol tl lorint, 

flask, taking care to rub the residues in the The nninber of e. c. used will const ]ULntly 

mortar with fresh quantities of water as long indicate the per cent of chlorine if a grm 

as any heavy lumps remain. Fill the flasE (50 c. c.) of the bleaching powder be taken la 

with water to the litre mark, and mix the before. ^ The method of converting French 

milky liquor thoroughly by shaking. Each or " Gay-Lussac " degrees into per ci.n(s will 

c. c. of this solution will contain 0.01 grm. of appear from the following examples — Bleith 

the bleaching powder. — . By means of a ing powder of 90° Gay-Lussae contains 90 X 

marked pipette, measure into a beaker 50 c. c. 3.18002-^ 286.2018 grms. chlorine in 1000 

of the freshly shaken, milkv solution of bleach- gnns., or 28.62 in 100. A sample containing 

ing powdep, and pour into it thearsenical solu- 34.2 per cent chlorine would mark 107.5°, for 

tion from a 50 c. c. burette, until a drop of if 100 grms. contain 34.2 grms. CI, and 1000 

liijuid taken from the beaker fltils to produce a grms. contain 342 grm. CI, then 342 -;- 3.18002 

blue spot on iodo-starch paper. The contents =^ 107.5, i. e., 1000 grms. of the powder con- 

of the beaker must be stirred continually dur- tain 107.S litres of chlorine, 
ing the addition of the arsenical liquid, and For a complete table of per cents corres- 

tho latter must be poured in slowly,— at last ponding to Gay-Luasac degrees, see L. MiiUer 

drop by drop. It is easy to hit the point of m Dingkr's polylech. Journ., 1853, 129. 286. 
saturation exactly, since the successive blue To prepare the imlo-»la'vh paper, grind up 

«IK)ts produced on the paper gradually become 3 grms. of white starch in 250 c. c. of water, 

fwnter and fainter, ana warn the operator to boil the mixture, withconstant stirring; a<id an 

proceed more and more slowly. — if the op- aqueous solution of 1 grm. iodide of potassium 

erations were reversed, and uie solution of and 1 grm. crystallized carbonate of sodium, 

bleaching powder were poured into the arseni- dilute with water to 500 c. c; soiik strips of 

cal solution until a drop of the mixture gave a printing paper in the liquor, dry them quiekly 

blue spot, this premonition would be lost, in pm-e air, and keep in tightly stoppered bot- 

Another objection to this inverse method of ties liir use. 

working would be found in the tendency of The process ia accurate and of e^^'y ipplica^ 

bleaching powder solutions to froth, — whereby tion rhf, stanilard aroenital solution uudtr- 

it becomes difficult to read the indications of goes no chan^ on keeping, provided the 

the burette',— and to soil the burette. But, as arseniotis acid ind the carboniiti, of sodium 

Penot has suggested, it is sometimes well to used fur prtpirin^' it are both alisoluttU hct- 

resort to the inverse method for the sake of from tni'ilj o\i lizabk imiteis bin-li a" "ul 

controUina the accuracy pf an experiment phidc' oi iu1])Iiiils (Molir lituim hole 2d 

made in the ordinary way. Edition 1. 2J0) ^Mitiiprcpired tioui ordin 

The number of half cubic centimetres used ai% mitoiiiU thi. alkihnL solution of aisuiioua 

of the standai'd arscnious solution, indicates acid i> liabk to oxidizi ^lonl^ m tlii in But 

directly the number of French chlorometrical evtn in this case all difficult) niij Ix aioiiki 

degrees; i. e., the number of litres of chlorine bv keeping the solution in i nunibi.i ot annll 

gas, at 0° and 7e in. m. pressure coutajned in glas-. stoppered bottiea, caih (.omnlutLlj hlkd 

1 kibgramme of the bleaching powder. For with the liquid, and using a fie-.h bottk lor 

example: In case 35 e. c. of the arsenical every new series of experiments (Frtsi,nius) 
solution were consumed, then the quantity of According to Fresemus {iv''*"' y"""' lnui, 

bleaching powder used would contain 35 c. c. Art. Chloiimetiy), much more tnn>tint md 

of chlorine gas. But the portion of bleaching accurate results ai'C obtained by opd itin^nilh 

powder solution taken (50 c. c.) contained 0.5 the turbid solution, or rather emuNion ot 

frm. of the powder; hence 0.8 grm. of the bleaching powder above deacubed thin can 

leaching powder contains 35 c. c. of chlorine, be got by filtering the liijuoi or *illuwm„ it to 

and 1000 grms. contain 70,000 c. c. =- 70 setSe, and operating upon tiie tleir poition 

litres. It is for the sake of these d^rees that The emulsion should alwajs be shaken |uit 

the standard solution of arsenious acid is made before any portion of it is t.iLi,u f Jr aiwh sis 
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Attempts of Mohr (Tilrirmethode, 1855, p. In ease the value of binoxide of manganese, 

287) ti> do away with the iodo-starch paper, by chlorate of potassium, or bithroinate pf potas- 

mixiug a defiuitu quantity of the standai'it sJurn is to b« estimated by tliis pi'Ovess, or any 

arsenical solution with starch paste and iodide anali^ous compound or peroxide is to be aii- 

of potassium, and pouring bleaching powder alyzed, boil the nubstance with an excess of 

solution into the mixture, from a burette, re- concentrated chlorhydriu acid, absorb thechlo- 

sulted in jailure. So much of the starch was rine in araenite or bicarbonate of sodium, and 

destroyed by the hypochlorite, wherever it estimate it as above. Compare the next Jiletbod 

happened to be in excess for a moment, that (by nascent chlorine), 

no useful results conld be obtained. 3. By ruMcent chtorine. See Chromic Acid. 

Another modification of the process, how- (RuductLon of by chlochydiic acid). If a 

eVer, suggested by Mohr {Ibid., pp. 323, 290), weighed quantity of a chroiaate, such as bi- 

gives accurate results. In this case a definite chromate of potassium, for example, is boiled 

quantity of the bleaching powder solution is with concentrated chlorhydric acid, chromic 

measured into a beaker, and rapidly titrated acid is reduced and chlorine set free in equiva- 

with a standard solution of arsenious acid, — lent proportion, in accordance with the equa- 

prepared W dissolving i.9 grms. of pure ar- tion; — 

senious acid in an aqueous solution of 20-25 Krf),2CrOj + i4HCi = CrtCi,+ aKCi + rHrf» + BCi. 
grnia. of pure crystallized carbonate of sodium, The precise amount of Chlorine set free may 
with the iud of heat, and subsequently diluting readily be determined in a variety of ways, 
to 1 litre, — until a drop of the mixture ceases ((Jompare the last paragraph of tlw preceding 
to turtt iodo-starch paper blue. The excess ot Method). One method is to conduct the gas 
arsenioua acid which has been used is then into a solution of iodide of potassium and to 
accurately determined by adding some starch estimate the iodine, which the chlorine tiber- 
paste to the mixture in the buaker, and pour- ates, by means of a standard solution of hypo- 
ing in a standard solution of Iodine, until the sulphite (^*sodiutu,or by sulphurousacid. (See 
starch becomes blue. The amount of arseni- lotUne). But if arsenious acid, or an arsenite 
ous add which oori>esponds to the quantity of be added to the mixture of bichromate of 
iodine solution used, is then subtracted from potassium and chlorbvdric acid before this 
the amountof arsenious acid which wa.? poured mixture is heated, a ilefinite quantity <rf the 
into the beaker, in oi'der to obtain the precise chlorine will be consamed in converting arseni- 
amount consumed by the clilorine of the ous acid into ai-senic acid, in accordance with 
bleaching powder. tlie equation: — 

Other applications. Both processes are of AsiOa + 4Ci + 2HjO = AiuOi + mci, 

course applicable to the valuation of "chloride and just so much less CI will pass forward to 

of soda, and other hypochlorites, as well as to be absorbed by the solution of iodide of potas- 

that of bleaching powder. They may be used siuin. 

also for analyzing comiioundg of the other liy operating with weighed quantities of bi- 

chlor-oxygen acids; for determining chlorine, chromate' of potaswum it is easy to determine 

and for analyzing many oxygon acids and per- In one sample how much chlorine is set free in 

oxides whicti evEtlve chlorine when heated with tlie absence of arsenious acid, and in a second 

chlorhydric acid. sample how much less chlorine is given off 

An aqueous solution of chlorine may be atler the addition of a weighed quantitjr of 

mixed immediately with a measured quantity arsenious acid. The quantity of arsenious 

of the standard soiiition of arsenious add; acid must of course always be less than sufli- 

while gaseous chlorine may either be received cient to consume all the chlorine which the 

directly in a measured quantity of the standard quantity of bichromate taken can evolve, 

arsenic solntion, or butter, in an unmeasured Besides arsenious acid, the process may be ap- 

exciws of bicarbonate of so<lium solution. In plied for determining ferrous oxide, either by 

the finit case, some starch solution is added to itself or in presence of ferric o.iide, and other 

the mixture atler the chlorine has been ab- substances which are easily and completely 

sorbeii, and the excess of arsenious seid is oxidized by nascent chlorine, as will appear 

estimated by means of a standard solution of under the several headings, (Bunsen, AnnaL 

Iodine. In the secoml case, tie standard solu- der Ckem. vnd Pharm., 1853, 86. 290). ^ It 

tion of arsenious acid is poured into the alka- may here be remarked that the process, though 

line mixture, until a drop of the latter placed rapid and accurate, requires care and a sensi- 

upon iodo-starch paper ceases to color it; some tive balance. If no arsenious acid were pres- 

drops of starch solution are then added to the ent, 0.2 grm, of a chromate containing 50 per 

liquor, and the slight excess of arsenious acid cent of chromic acid would be enough for an 

wluch has been added is determined by means analysis. Jf more were taken, an inconveni- 

of the standard iodine, — In neither case ently laige quantity of hyposulphite of sodium 

should any starch be added to the solution, would have to be used. A gramme of bichro- 

until after the chlorine has all been absorbed mate of potassimn would require 500 c. c. of 

and combined by the action of the ai'penious hyjiosulphite of the ordinary strength. (Hin- 

acid. luan). The cost of iodide of potassium is an 
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objection, moreover, when anj' considerable the walls of the beaker. Tlie healter should 

number of analyses are to be made. be new and smooth, ibr it is diflieult to wash 

Melkoi C. Oxidation by Bichromate of out the precipitated gold from a beaker which 

Potasniuia. has beeonie roughened by use. The solution 

1. Volumetiie. Method and precautions de- must be iree IVom nitric acid and other oxidiz- 
scribed under AnUraonious Acid. See also ing agents, and must be protected from dnst 
bichromate of Potassium (Kessler, toe, cil.). also. A considerable excess of chlorhydric 
See also the preceding paragraph, — oxidation aoid, however, appears (« do no harm. In 
of As^j by nascent chlorine. ease the substance to be analyzed is solid, it 

2. Gramynetrk. Mix the substance to be should be dissolved in chlorhydric aeid. 
examined with a weighed quantity of pure, Though interior to Method A, the gold pro- 
diT bichromate of potassium, place it in a cess is reputed to yield accurate results, and to 
suitable vessel and add strong sulphuric acid, be free from the sources of error which have 
A quantity of chromic acid will be reduced by led to the abandonment of the process as ap- 
the arsenious acid, in accordance with the plied to the determination ot Antimonious 
equation; — Acid. The inventor of the process, H. Rose, 

3A<,oj + 4CtOi = 3A<,o, + acriO). remarks that its results would probably be less 

Determine how much chromic acid is left, by accurate in case too large a proportion of 

means of oxalic acid (see Chromic Acid, re- chloride of sodium, or of chloride of ammo- 

duction of by oxalic acid), and calculate how nium, were mixed ivith the chloride of gold in 

much arsenious acid must have been present to preparing the chioraurate. 
reduce the reminder of the chromic acid 

taken. (Vohl, Ai^aleii Chem. und Pharm., In order to be fit for use as a reagent, arseni- 

94. 219). ous aeid should volatilize without residue, and 

Method D. Oxidation by Permanganate of should yield no brownish coloration when 10 

Potassium. The process is attended with difH- or 12 grras. of it are dissolved in a solution of 

cnlties which have not yet betn fully overcome, pure carbonate of sodium, and tested with a 

(Keseler, Poggendorff s Annalen, US. 17; drop or two of a solution of acetate of lead. 

Lenssen, Joum.pratt. Chemie, 76. 197). The brown color Uius produced is due to the 

Method E. Oxidation by Nitrate of Potas- presence of sulphide of arsenic; and in case a 

strtm. Same Method as that described under residue is left on heating, which turns black 

Arsenic, with the exception that a smaller pro- when ignited in a current of hyiirogen, the 

portion of nitrate of potassium is needed, A presence of antimony is indicated, 

mixture of 3 parts carbonate of sodium and 1 The solid cakes of arsenious acid to be ob- 

Sart nitrate of potassium, is suffleient for the tained of importers of pure chemicals, are gen- 

tsion of an arsenite. The fusion may be erally quite pure, 

effected, in a platinum crucible. ArseniOITlOlybdate Of AmmO- 

Method F. Oxidation, by Aqua regia, or by ntuiTI. 

CMorale of Polamum. Method described un- Principle. Insolubility in water, and in acid 

der Antimony and Arsenic, and saline solutions. 

According to Stein, this principle maybe Applicathnt. Separation of arsenic acid 

used for estimating nitric acid. To this end, from Ka, K, NH., Jj; Ba, Sr, Ca, Mg; Al, 

mix the nitrate to be analyzed with 8 parls of Cr, Fe, Mn, Co, M, Zn, Cd, Pb, Bi, Ag, Hg 

arsenious acid, dissolve the mixture in concen- and Cn. Estimation of arsenic acid in solu- 

trated chlorhydric acid, and evaporate to dry- tions free from phosphoric and silicic acids, 

ness. Take up the residue with water, and and from substances capable of decomposing 

determine the arsenic acid by precipitating it molybdic acid. 

as Arseniata of M^nesium and Ammonium. Method. Prepare a solution of molybdate 

Method G. Oxidation ij/ Salts of Gold, of ammonium by heating 10 grms. of that salt 

Mix the solution which contwns arsenious acid with 40 c. c. of ammonia water of 0.96 specific 

with an excess of a solution of chloraui-ate of gravity, pour the solution into a mixture of 

sodium, or chioraurate of ammonium, and joo c. c. strong nitric aeid, and 40 c. c. of 

allow the mixture to stand in a covered beaker water, and let the whole digest for 8 or 10 

for several days at the ordinary temperature, hours, at 40°. Allow the mixture to settle, 

Collect and weigh the precipitated Gold, and and decant the clear liquid, 

from its weight calculate that of the arsenic in Mix the solution which contains the arsenic 

the solution, in accordance with the reaction:— acid with a lai^e proportion of the aforesaid 

3AB]Ot+2A.u,o,c^3Ai<>Oi + iAii. Eolution of molybdate of ammonium, add 

In case the orrpnal solution is very dilute, it enough nitric or chlorhvdric acid to redissolve 

had better be left to stand in a place slightly the precipitate of molybdic acid which forms 

warmer than the ordinary air. It is well to at first, and boil the solution ftr a long time, 

keep the filtrate from the metallic gold, and to If molybdic acid has been added in excess, 

collect any fiirther portion of gold which may arseniomolybdate of ammonfum will be thrown 

be deposited from it. £ven from the original down in the form of a yellow precipitate. The 

Eolution the gold is deposited very slowly upon subsequent operations are similar to those de- 
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scribed under PhoaphomoIybiJate of Ammo- Method S Dissolte the alloy in nitric 

nium. Since it is not easj- to separate molyb- acitJ, dilute the solution with a large quantity 

die acid from the filtrate, a new portion of the of water, and pltie m it i >itiip of pure me- 

original substance had better be taken for the tallie lead. Ihe bi--muth ml) be previpitatcd 

deter.r.ination of the metals with which the rapidly and completeij , m the form of a black 

arsenic acid was originally combined. powder. As soon as the precipitation is fin- 

Properlies, Arseniomolybdate of ammo- ished, decant the clear acidulated liquor, va»h 

nium is well nigh insoluble in water, saline off adhering particles of bismnth from the 

solutions and acids, especiaJiy nitric acid, pro- strip of lead, and wash the preciiMtate vapidly 

Tided an excess of molybdate of ammonium by deeantation, first with water, and then with 

be present, together with a moderate excess of alcohol. Collect the precipitate upon a small 

nitric or chlorhydrie acid. The composition weighed filter, dry and weigh. (Fatera, 

of a sample of the precipitate analyzed by Zeilxch. analyt. Chest., 1866, S. 22)51. 

Seligsohn (.Town, prakt. Chem.. 87. 481), was Method C. After baring brought the mix- 

molybdic acid 87.67 per cent; arsenic aeid tare of bismuth and lead into solution, throw 

6.31 per cent; Mnmonia 4.26 per cent, and down both the metals as carbonates, by means 

■wat«r 1.77 percent. Since its composition is of carbonate of ammonium, dissolve the pre- 

variable, the precipitate is never weighed di- cipitate in acetic acid, and place in the solu- 

reetly._ It is dissolved in ammonia-water, and tion a weighed piece of pare sheet lead. 

Arseniate of Magnesium and Ammonium is Cover the Maker, and leave it at rest for sev- 

precipitated from the ammoniacal solution. cral hours, taking care that no part of the 

Atropin. SeelodoMercurateof Atropin. lead projects above the surface m the liquid. 

When all the bismuth has been precipitated, 

Barium is usually determined as Sulphate wash the strip of lead, and dry and weigh it. 

or Carbonate, but sometimes as Fluoalicate The difference between the first and last 

ofBarium. For its alkalimetricat estimation, weight of the lead indicates how much of this 

see Oxide and Carbonalti of Barium. See metal has been added to the solution. Collect 

also the finding list tor Barium, in ihe Ap- the precipitated bismnth upon a filter, and wash 

pendis. it with water which has been boiled to expel 

Baryta. See Hydrate of narium. air, and afterwards cooled. Dissolve in nitrie 

Basic BenZOate of Iron (Feme ben- acid, and precipitate Carbonate of Bismuth; 

zoate). "'■ evaporate the nitric acid solution to dryness. 

Principle. Insolubility in water. aid ignite the dry residue to obtain Oxide o^ 

Applicaliom. Separation of Fo from Mn, Bismuth. Lead _ may_ bo determined in the 

Ni and Zn. filtrate by precipitating it as Carbonate of 

Method. ' Same as that described under Sue- I^d. (Ullgren, BerzeHus's Jahresberkht, 2L 

cinate of Iron. 1^8). 

When benzoic acid, or rather, when the Principle II. Fixity, when heated, 

alkaline benzoates can be obtained at less cost Applicariom. Estimation of bismuth 



than succinic add and the succinates, it is oxide, sulphide, oxyehloiide and salts of tiiis 

better to precipitate iron as a benzoate (Hisiii- metal 

ger & Berzelius). Basic benzoate of iron is Method. Fuse the compound to be analyzed 
indeed siigbtfy less soluble than the correa- i" a capacious porcelam crucible, with 5 times 
ponding succinate, but this advantage is bal- its weight of ordinary cyanide of potassium, 
anced by the fact that the precipitated ben- Soak the fused mass in water; wasii the kei^ 
zoate is more vcJuminous than the succinatfi. nels of metallic bismuth rapidly, first with 
Moreover, it contains much more carbon ihan water, then with weak alcohol and finally 
the latter; but this difficulty can be overcome, with strong alcohol; collect uuon a small, 
as with the succinate, by leaching the precipi- tared filter, dry and weigh. In case oxide 
tate with dilute arainonia-mater, until most of or oxychloride of Wsmuth be operated upon, 
the benzoic acid is removed. the reduction is soon completed, at a low 
Bismuth may be determined as metaUic heat, but the sulphide requires more time 
Bismuth, Carbonate, Chromate, Oxide or and a higher temperature. When, on treat- 
Sulphide. For a list of metiiods for sep- ing the fused mass with water, only me- 
arating it from the other metals, see Ap- tallic grains remain undissolved, the reduction 
pendis. maybe deemed complete; but if in reducing 
Principls I. Insolubility of the metal in the sulphide, there is left a quantity of the 
dilute nitric or acetic acids in presence of latter, in the form of black powder, mixed 
metallic lead or zinc. "'t^ t^* metal, this powder should be collected 
Applicatlfme. Separation of bismuth from and ag^n fused with a fresh quantity of cyan- 
certain other metals,— notably from lead. ide of jiotassi-im. The crucible should be 
3IethodA. Precipitate the bismuth by me- weighed before the experiment and afl^r it; 
'" ' : from a dilute nitric acid solution, also in connection with the tared filter; for it 



(/'faff, Handhmh uiudz/t. Chem., 1825, 2. sometimes happens that particles of porcelaii 
401^1 torn oif trunk the crucible during the process 
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of reiluetion, remain miscci with the metallic of Ihe retort downwanl, anrl connect it with a 
bismuth. The methoil y'lckh good results, Liebig's conrtenscr. Again placi! tile lamp 
(H. Itose, P'jgffendorjt's Annalen, 91, 104, snil beneath the rttort, and continue to boil the 
110. np. 13G, 425) . liquid until most (rf it has been distilled over 
Bpillng Point. out of the retort. In the course of a lew see- 
To determine the boiling point of any onds after the lamp has been replaced, the 
substance, piace a quantity of the liquid in meroury in the thermometer will again become 
a small, tubulated, long-netked giass retort; stationary. At tliat moment note the timo 
throw into the liquid two or three fn^ments and the height of tiie mercury in the tlieriuoni- 
of coke, each as large as a small pea, a etors, and repeat these observations at fre- 
globiile of mercury, 'a few small scraps of quent intervals, until the distillation is finished, 
platinum foil, or better, a piece of metallic If the liquid under examination be pure, the 
sodium, in case the liquid under examination height ol the thermoiHeter will scarcely vary 
is a hydrocarbon. As mnch as 100 or 200 e. c. from first to last. In ease there are slight dit- 
of the liquid should be taken, if it can be had. forences between the earlier and later observa- 
The presence of the coke or metal, to fiicilitate tions, either the average of the several obser- 
ebuUition, is essential. In case no fragmenta vadons, or better, of those corresponding to 
of solid matter are placed in the retort, the the longest intervals of time, may De chosen, 
liquid is not only Rable to "bump" when Any material differences between the several 
heated, but even to boll at a higher tempera- observations would of course indicate that the 
ture, — in the ease of some liquids, 5° or 8° liquid under examination was a mixture of two 
higher,— -than its real boiling point. or more substances of unlike boiling points. 

Close the tubulnre of the retort with a cork. In case the boiling point of a mixture, such 
to a perforation in which a thermometer has as ordinary spirit, is to be determined, only the 
been fitted, in such manner that when the first observation, made when the neck of the 
cork ia pushed tightly into the tubulure the retort is inclined upwards, is of value; for tlie 
bulb of the thermometer shall extend into the strengtb, and consequently the boiling point of 
liquid, and reach almost, but not quite, to the the spirit, would change if the liquid wei'u 
bottom of the retort. (Warren, Amer. Jaum. subjected to distillation. The process of dis- 
Sci., -1865, 40. 222). To that ^art of the tillation above described, is to be omitted, 
stem of the thermometer which projects above therefore, when a mixture ie testeil. 
the cork, tie a second thermometer, in such The purpose of the upper or side thermome- 
manner that it can be slipped up or down ter is merely to determine approximately the 
without difficulty, and phice a broad sheet of mean, temperature of that portion of the mer- 
paper or pasteboard across the top of the cork cury column in the fixed thermometer, which 
to screen the upper thermometer from any is above the cork, in order to ascertain what 
heat which mjght radiate fwim the retort. Set amount of correcljoa sliould be made to coni- 
the retort upon a wii-e gauze support. aboi'C a pensate for the eooKng action of the air. The 
lainp, in such position that its neck shall m- upper thermometer would be useless in case no 
clino slightly upwards; place a screen below portion-of the mercury column were to pro- 
the retort to protect its sides from being over- ject above the cork, tor in iJiat event the whole 
. heated, twist moistened cloths aroun<l the neck of the metal, being surrounded with the vapor 
c>f the retort to keep it cool, and in case the of the boiling liquid, would havi? one and the 
liquid is uasilj- volatile, pliice bits of ice upon same temperature. But when, as is usually 
the cloth. Finally heat the hqnid until it boils the case, a part of the mercurj' rises above the 
steadily, an<l the mercury in the thermometer cork, and is thus exposed to a lower tempera- 
ceases to rise. Some little time will often 1)0 ture than that of the boiling liquid, the up])er 
re(juired in order that that portion of tiie tiicr- extremity of the column will stand at a slightly 
mumeter which projects above the cork may lower point than it would if no portion of tlie 
acquire the highest temperature which the mercury hud been cooled. The eorreclion to 
boiling liipiid can communicate to it. — In be applied to the observed fempoi'ature T", ia 
case die liquid boils at a lower temperature found by means of the Ibtiowing formula: — 
thflji that of the air, place the retort in a bath ' j^ (T — ti i, 
of ice-wftter, and gradually raise the tempera- 
ture of the bath by means of a small lamp- in which ( is the obEjerved height of the upper, 
flame. ^ Arrange the upper, moveable moveable tliermometer, N the ditference ^- 



. therraometor so that its bulb shall be in eon- tween T° and that diMree of the tliei 

tact with the stem of the fixed diunnometer, scale which is situated at the midiilo of the 

at a point midway between the upper end of cork; or, in other words, the length of the 

the mercury column in that thermometer and column of mercury which hiis been cooled to 

the centre of the cork. Then note the height '° by contact with the air, and i the coefficient 

of the barometer and of both thermometers, of apparent expansion of mercury in the glass 

As soon as the mercury has become stationary of which the thermometer is consti'ucted. The 

in the thermometer, remove die lamp for a value of i may be taken as equal to 0.0001545. 

moment il-om beneati the retort, turn the neck (H. Kopp, I'oggeiulorff'i Aiut'jd., 1847, ""> 
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3S). For example!— if a liquid is observed to weighed solution, evaporate the mixture to 
boil at 171.3° ( = T) and .tlie 25th degree of dryness at a gentle heat, and carefully heat 
the thermomotar he at the middle of the cork, tlie residue until it fuses to a thin liquid. A 
thenNwillequal 171.3° — 25° = 146.3°, And quantity of carbonic acid, equivajpnt to the 
if tie mean temperature of the esternal eel- quantity of bonuijc acid present, will be ex- 
umn of mercury were 43° (= t), as observed pelled, and there will be left a mixture con- 
by the upper thermometer, then X—t would taiuing a knownquantitj' of sodium, and. un- 
equal _ known quantities m carbonic and horacie acids, 
ui J - 43 = !!s.3. Weigh the residue, and determine the amount 
The correction to be applied will consequently of Carbonic Acid contMned in it. From the 
be difference between the quantity of carbonic 
. X . X ,»»iju = sD, ^jjj j^ ^^ carbonate of sodium taken, and 
and the boiling point of the liquid " corrected that found in the residue, calculate the amount 
for external column of merciuy," will be of boracic acid (H. Rose). 

inj + aa-i-i! ^" "^^^ *^'^ proportion of boracic acid in the 
solution to be analyzed is known approsi- 

Since the boiling point of a liquid depends mately, between 1 and 2 equivs. of carbonate of 

on the pressure to wliich the liquidis subjected, sodium should he taken tor two equivalents of 

another correction must be applied in order to boracic acid. If this be done, all the carbonic 

reduce obsei'vationa made under the varymg aeid will bo expelled on beating, and we have 

pressure of the alniosphere, to the values only to deduct from the weight of the residue 

which would obtain if the atmospheric "pivis- the weight of oxide of sudium taken, in order 

sure were normal,— that is to say, equal to to find die weight of the boracio acid. Since 

J60 miUim. of mercury at 0°. It is customary, the tumultuous escape of carbonic acid might 

on this account, to apply a correction of :h 0.1° occasion' loss, it is best not to ignite the residue 

C, for every 2.7 mililm. that the mercury in left by evaporation all at once, but after tbor- 

the barometer stands above or below 7S0. ough drying, to project it by small portions 

Strictly speaking, the correction to be applied into a red hot crucible. (Schaffgotsch, Pogg. 

to the boiling point of a liquid observed noder Ann., 107. 427). 

an atmospheric presauro other than the normal Properiiee. It may be remarked, in this con- 
pressure, varies with the nature of the liquid; neetioii.,lJiatboraeie acid cannot be determined 
tor equal alterations of jiressure do not cause by' evaporating its aqueous or alcoLobc solu- 
precisely equal changes jn'the boiling points of tion to dryness, and weighing the residue; for 
different liquids. The value above given, of tiiough little volatile ot itself, considerable 
0.1° for a variation of pressure of 2.7 millim., portions of the acid are carried away by tlie 
has been, deduced tram, direct determinations aqueous or alcoholic vapor. The same remark 
of the boiling point of water under different applies to solutions to which an escess of oxide 

Eressures, and is absolutely accurate for that of lead, of ammonia^water, or of triphospSjate 

quid alone. But since the greatest variations of sodium, has been added, 

whichever occur in the pressure of the atmos- In the cold, no carbonic acid is expelled by 

phere are relatively very small, they may, boracic from carbonate of sodium, and only a 

witjiout any appreciable error, be rM;arded as small quantity escapes during the evaporation 

affecting the boiling points of all 'liquids of the aqueous solution. Itf is only wiien the 

equally. dry mass is ignited, that the evolution of car- 

Boraclc Acid is determined either in- honic acid really begins, 

directly; as Fluoborate of Potassium; or as Ptineiple 11. Powerof expelling water from 

Borate of Magnesium. [See finding hst for certain refractory hydrates; i. e., fixity and 

Boron, in the Aj^endix]. power of combining with bases to form fixed 

Brindple I. Power ol expelling carbonic products, 

acid from Carbonate of Sodium Aj plicntio is Estimation of water in the 

Applications Lstimatjon oi boracic acid in hj drates of Na K, Bi an 1 Sr 

aqueous solutions tiet. from all other sub Method Mix a weighed quantity of the 

stances, except ammonium In case a heavy subitance to be examined, with a W(,i{;hed 

metal has Ix, nsepaiatt I trom borlcic acid 1^ quantity of powdered anlijdious boritu <i<li 

precipitating \v)th sulpluretted hjdi-ogLn the more than BiffiLient to satuiit 1 I 1 

method now in qtiLstion mij be emploj ed for the alkab I use the mixturi. jl 

determining bonti icit in the filtrate alter crucible until ■dl the water his I ! " ' 

the excess ot siilphuretteil hydrogen has been and weigh the cold product 11 d ti a n 

e,\pel!ed, by passing a current of carbonic acid between the final weight and thi. Mini nt thi 

tbrot^h the liquor. The (iltratfl must, bow- weights of boracic acid and 'lubsiance tikm 

ever, contain no acid besides boracic aeid. will represent the weight oi the water (PJaft 

lUmho-l. Weigh out 1 or 2 times as much flnn/llmcli onali/t. Chem , 1824,1 117) Th. 

pure, fused carbonate of sodium, as iJiure is substance anolyncd miiit eithei In ii(,e from 

supposed to be borarie add in the solution to eaj'bonic aiid othtriolatih jcids, or the jiro 

be analyzed, Dissolve the carbonate in the portionof these substances mustbe det^rmiuLii 
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in separate portiona of tTie material. The found from Ihe weigltof (Le loiateof raip 

firocess can hardly be capable of yielding abso- nesinm, in of I r to I ta n tl e we ght of tl « 

utflly accurate results, since, as is well known, boraeic atid. The ptoceaa fields satLfactor^ 

boracic acid is somewhat volatile in an atiuos- results. (Mai gnti, Zeisch a dyl Ckem \ 

phere of aqueous vapor. Compare fiiBorate 406). 

of Sodium. Pi-ecauli'ons The plat num dish must be 

Principle III. Power of decomposing sili- weighed in the firat place s nee small portions 

cious minerals. of platinum are apt to appear on d "solvmt 

An old method eniploj-ed by Davy, Gehlen the residual borate in {hlorhjdne acid if 

and others, for the decomposition of refractory the weight of the di h were unknown it woald 

minerals in which alkalies were to be determ- be necessary to wtigh this abraded platmnm 

ined, deserves mention, though it has long and subtract its we^ht from that of Uie borate 

since been superseded by the methods of fusing of magnesium. When the volume of liquid to 

with alkaline earths, or treating with fluorhy- be operated upon is considerable, it had better 

drtc acid. be concentrated to a small balk ia a porcelain 

Davy iiised the powdered miaeral with twice dish, and afterwards evaporated to dryness in 

its weight of boracic acid glass, for Iialf an the platinum vessel, — In case boracic acid 

hour, in an intense fire; decomposed die ftised is to be separated from a heavy metal preeip- 

masB with dilute nitric acid; evaporated to itable by sulphuretted hydrogen, the fdtrate 

separate silica; precipitated witb carbonate from th.e metallic sulphide should be mixed 

of^ammonium; supersaturated with Ditrie acid with hydrate and niti'ate of potassium, evap- 

and separated the boracic acid by crystaUiea- orat«d to dryness and ignit«d, before adding 

lion from the nitrates of the alkalies. (Pfaff, the chloride of raagnesimn, as above described. 
Hemdbuch analyl: Cltem., 1824,1. 467). Pfeff Borate Of PotaSSium. See Borate 

proposed to separate the alkalies Jrom the of Sodium. 

Doracic acid by converting them into sulphates. Borate of SodlUITI. 

and then washing out the last portions of bo- Principle. Solubility in water, 

racio acid with alcohol. Applicalitmt. Separation of boracic acid 

Bimc Borate of Magnesium. from most of the metals, other than alkali 

Principle. Insolubility In water, and fixity metals, 
■when ignit«d. Metlwd. Boil or fuse the borate to be an- 
AppHcations. Estimation of boracic acid in alyzed with carbonate or hydrate of potassium, 
presence of alkalies. . or of sodium, filter oiF the precipitated carbon- 
Me&od. Neutralize the solution with chlor- ' ate or hydrale of the metal, and determine 
hydric acid, add enough double chloride of boracic acid in the Citrate as Borate of Mag- 
magnesium and ammonium, that at least .2 nesium, or as Fluoborate of Potassium, 
parts of magnesia may be present in the sola- SiBoratG Of SodiulTIa (Borax), 
tion for 1 part of boracic acid, pour in some Principle. Power of expelling Carbonic, 
ammonia-water, and evaporate the mixture lo Nitric and Silicic acids, when fused with salts 
dryness In a weighed platinum disk If, on of these acids. See the respective acids and 
the addition of the ammonia- water, a preeip- Boracie Acid. 

itate fells which does not dissolve readily on It is t» be observed, that though " borax- 
wanning, a new, quantity of chloride of am- glass" maybe kept fused at a red heat for 
monium must be added to the mixture. From quarter or half an hour without loss, through 
time to time during the evaporation, add a few volatilization, an appreciable quantity of the 
drops of ammonia-water. Ignite the dry resi- compound exhales at a whit* heat. A decided 
due, and afterwards treat it with boiling water, loss of weight occurs, for example, when a 
Collect the insoluble mixture of borate and platintim crucible containing dry borax-glass 
oxide of magnesium upon a filter, and wash it is ignited even for a few minutes at the blast 
with boiling water, until the wash water ceases lamp. (Fitsenias, ZeifscA. analfft. Chcnu, 1. 
to give any precipitate when mixed with ni- 60). 

trate of silver. Mix tiie filtrate and washings Borax was formerly somewhat used for de- 

with ammonia-water, again evaporate to dry- composing refractory minerals. Thus Berzel- 

ness, ignite and wash with boiling water, as jus & IliBinger (GeMen's neues Jovrn. der 

before. Place both die insoluble residues in CAemie, 6. 301) fused finely pulverized spinel 

the platinum dish, and ignite them for a long with twice its weight of borate of potassium, 

time as strongly as possible, in order to decom- jn a platinum crucible, and dissolved the fused 

pose the small quantity of chloride of raagno- mass in chlorliydrio acid. (Compare Alnminate 

sium which may still be mixed with die borate, ^f Sodium), — • Borax-glass is still used, in 

Weigh the cold product, dissolve it in cUorhy- conjunction with carbonate of sodium, in the 

drie acid, and detenmine how much magnesia excellent method of Plattner {Prohirhunst tnit 

is contained in it by precipitating as Phosphat<>. dem LOlhrohre, 1853, p. 689), for analyzing, 

of Magnesium and Aramouxum, or estimatti with tiie aid of the mouth blowpipe, those iron 

the magnesia at once by the process of Alkal- ores which cannot be decomposed by aeida, 

imetry. Subtract the wei^t of the la^nesia It is to be observed, however, (hat the pix>ceBB 
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depends upon tlie fuability of borate of iron, 
and the Eolubiiity of tliis sutetjinue io acids 
rather than upon anv sui>erior affinity of bo- 
raeic acid for iron. The details of th« method 
are as foiiows; — Grind a considtrable quantity 
of the ore to £ne powder, best in an agate 
(nortar, mix the powder thoroughly, spread it 
& thin layer, and draw a fair sample of it 



at 100°, weigh out 0.1 grra. of the powder on 
a. delicate aeeay balance, tranter it to a large 
test tube, and pour upon it, little by little, a 
quantity of strong chlorhydric acid. Aa soon 
' as the acid has ceased to act in the cold, heat 
it over a spirit lamp as long aa anything dis- 
eolves; throw the mixture upon a small filter, 
and wash the residue ■with boiling water. Dry 
the residue, whieh will exhibit a yellowish, red, 
or gray color, over a spirit lamp. If the ore 
were of such cluiraoter as to be dfeontposed 
completely by chlorhydric acid, tlie residue iipon 
the fiUer would he colorless, and free fiom 
iron; so that the process now in question, i. e., 
the fusion with borax, would not be called ibr. 
But the residue docs, in iact, contain h te 
of iron and die earths, as well aa quartz d 
rarely some sulphate of barium, also. A 
as it is thoroughly dry, mix it in the filt w th 
ss much powdered borax-glass, and S ti e& ts 
balk of dry carbonate of sodium. Roll tl 
paper into the form of a small ball or cyli d 
place the hall in a hole bored across th gr 
of a good piece of charcoal, and melt th mu. 
tare, with the oxidizing blowpipe flam t 
' clear, transparent heail. After the b ad haa 
become cold crush it ia a steel morta plic 
the powder in a light poreel^n cup red 

-nitli a watch glass, and treat with dilut hi 
hydric acid; then evaporate the sol t to 
dryness, together with the previojjs 1 t n 
obtained hy acting upcm the ore wjth at. d to 
separate Silicic Auid. Tlie filtrate trom <nl 
acid is boiled nitlt nitric acid to oxidi7 th 



dissolved put as AlumiDat« of Sodium n t 
usual way. ^ The process has ^ t m 
from its simphdty. It may be put m pr^ t 
almost anywhere, since it neither re j 
well appointed laboratory nor expensiv pp 
atus. It is evident that besides iron sili 
acid, and many other constituents of reh- 
silicates, may readily be dotKrinimifl 
■way. Analyses of red oelire. inaili' m 
direction by this method, nml . i 

tiouofit.in whieh either [>ii'- -iH' I 

silicate of sodium (water glii?-) n;i- -n 
for the borax, showerl cleavly thu iuij 
of the borax, and tlic iiupiupricty of t j 
do without it. 



To prepare borax-glais, heat ordina 
titllired horax in a platinum or poitel d h iS O 
until it ceases to swell up. Grind thp p *> 



residue to powder, and agtun heat it in a pla- 
tjcum crucible, until it fuses to a transparent 
mass. Pour the semi-fluid, viscid substance 
upon a piece of porcelain, and keep tlio cold 
solid in a well-stoppered botde. The borax- 
glass must^ in most eases, be reheated just be- 
Ibre use to ensure its absolute freedom ft'oni 

Tte purity of commerdal borax may be 
tested by adding carbonate of sodium to the 
aqueous solution, and by adding solutions of 
nitrate of barium and nitrate of silver to otlier 
portions of the solution after acidulating it 
with nitric acid. Neither of these reagents 
should occasion any alteration in the appear- 
ance of the solution. In case the borax is 
impure, it may be purified by recrystalli/ation. 
Bromates 'iny be converted to Bromides 
by ignition, and weighed as such; or they 
may oe mixed with an excess of ehlorliydric 
acid, the mixture evaporated to dryness, and 
the chlorine estimated as Chloride of Silver, 
by titration. From the weight of chlorine 
fouud, the equivalent we^ht of bromic acid 
may then be calculated. ^lobr). 
Bromides f volatile elements, such as 
th. bronud of arsenic, antimony, phoe- 
ph Tl d Ipbur, are completely decom- 
P ed by t , with formation of brouihy- 
d d which may be determined by 

pre p t t s Brouiido of Silver. 

Bromide of Mercury. 

1 il P wer of Oxide of Mercury to 
ftb b b m at the ordinary temperature, 

d fi tj f th compound formed. 

Appl t Estimation of bromine in or- 

g bt es 

M hod H tthe substance to be analyzed 
in tre m f hydi-ogen, and bum the hydfO- 
g n th h t, d with the vapor or products 
f d lU t t the substiuice, in a streaui of 

yge P tJ e products of the combustion 
aLj f tixmg sulphuric acid, to free 
th m fr m w t absorb the bromine in a tube 
filled w th fri^m nts of precijiitated oxide oi' 
m re ry and th carbonic aeid in potash lye. 
Th xid f m eury should be in tiie form ol' 
pell ts rse masses, and should be tbl- 

I wed by \ rt column of chloride of cal- 
um pla ed t the end of the tube fertbest 
fr m tn bum ng hydiroen. For the details of 
th p cs A. Mitscherlich's paper 
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02 BROMIDE OF SILVER. 

chloride of silver when nitrate of 6ilver is in a bromido) which is precipitahie by nitrate >)r 

aiidml to a cold solution containing both chlo- silvtr can be thus determined, hut on tiiis vciy 

rides and bromides, tjbe instiluhiUty of the account the process is valuable for determining 

bromide may even be used for separating bro- the rational constitution of certain bromine 

mine ftom chlorine as will be described below, compounds. (Malj, Zeitsch. analyi. Chem., 

The Methods and Precautions ore similar to 1866, 6. 68; Ki'aut, Ibid., 1865, 4. 167). 
those described under Chloride of Silver. The Separation of Bromine jrom CMorine. [Com- 

process yields excellent results. pare Chloride of Silver and Iodide of Sdvei] 

Properties. As prepared in the wet way. Several methods of Beparaljng_ bromine ftoni 

bromide of silver is a j-eUawish-white precip- chlorine depend upo» the principle now la 

itate, insoluble in water and nitric acid, tolern- question. 

bly soluble in ammonia-water and readily sol- A. Fehlin^s method. Mix the cold solution 

nble in solutions of the hyposulphites and to be analysed with a quantity 1 1 nitnie nl 

cyanides of alkali- metals; Though insoluble silver solution somewhat more than snftcient 

in very dilate solutions of alkaline chlorides to precipitate all the bromine, but not ntiily 

and bromides, some of it dissolves in cone en- sufficient lo throwdown allthechiorine. Shake 

trated solutibiis of these salts. Traces of it the mixture strongly and leave it standing for 

dissolve also in solutions of the alkaline ni- some time, with occasional agitation. Wash 

trates. A solution of iodide of potasrium the mixed precipitate of bromide and chloride 

converts it into iodide of silver. _ — When of silver with especial care and thoroughness, 

heated, it melts to a reddish liquid which dry, ignite, weigh, and treat a weighed por- 

solidifies to a yellow, horn-like mass on cooling, ticn of the rcsidne with chlorine, as directed 

It may be weighed, however, as well after below, under Principle III, or with zinc (see 

having been dried at lOO" as •after melting. Silver). To iind the quantity of chlorine, pre- 

When heated in chlorine gas it is converted cipitate anothcrweighed portion of the original 

into chloride of silver and when heated in solution completely with nitrate of silver and 

hydrogen to metallic silver. The precipitated from the weight of this precipitate deduct that 

bromide gradually becomes gray and finally of the bronude of ailver found. — The fol- 

Mack when exposed to light. Both the pre- lowing rule indicates in a general way how 

cipitated and the ftised bromide are ducom- much nitrate of silver should be used. If tjie 

posed by metallic zinc with formation of solution to be analyzed contains 0.1 per cent 

metallic silver. The composition of the bro- of bromine, add j or J^ as much of the solution 

raids is as follows:— , of nitrate of silver as would be required to 

Ai 1= ne - S7.44 effect complete precipitation; — if 0.01 per 

lit =_»)-^M pg^j_ -^i— if 0.002, ^;— if 0.001, jlj. 

■** ™'« (Fehling, Joum.prakt. Cliem., 46. 269), 

Ifytermination of Bromine in bromides of B, Alohr's method. Pi'ecijiitate all the bro- 

Organic Substance) solvble in water. [Compare mine and part of the chlorine by means of a 

Chloride of Silver and Iodide of SilverJ. known weight of silver, added in the form of 

Weigh out about 1 grm. of nitrate of silver, nitrate of silver. Wash and wdgh die mixed 

dissdve it in water and add chlorhydrie acid precipitate. Calculate the amount of chloride 

until all the silver is precipitated as chloride, of silver equivalent to themetallic silver takeft. 

Wash the chloi"ide of silver with hot water, by subtract this weight from that of the mixed 

deeantation, and pass the washings through a precipitate and finally calculate how niuch 

small weighed filter to retain any suspended bromide of silver was present, by the method 

particles of the chloride. Pour upon the ^ven below, under Principle III. — This 

washed mass of chloride of silver an aqueous method has the merit of being more convenient 

solution of about 0.5 grm. of the substance to ""d expeditious than the old method with 

be analyzed. Warm the mixture and let it chlorine described below (Principle III), but 

stand for a couple of hours, then collect the is probably somewhat lees accurate than the 

mixed bromide and chloride of silver upon latter, especially when the proportion of hro- 

the weighed filter, above mentioned, wash it mine in the mixture is small. In criticising the 



thoroughly, dry, and weigh. From the weight process, Fresenius ui^es that the suppositioi 
of the mixed precipitate and the known weight that a weighed quantity of silver will yield a 
of silver taken, calculate the weight of the precisely equivalent quantity of chloride of 



bromine in the precipitate as explained below, silver is practically 

under Principle III. extent of some mflligraromes being scarcely 

One merit of the pi-ocesB, at least as applied avoidable: it might thus happen (hat bramine 

to rare and costly substances, consists m the could be calculated from a siippose'l difference 

fact that the substance is not destroyed. It is even in cases where no trace of this element 

found again in the filtrate from tlie bromide of was present. (Compare Principle III), 
silver in the form of a chloride. Theprocess is The silver used as the precipitant may either 

not applicable to all oi^anic substances contain- be weighed in the metallic state and then be 

ingbromine. Only tliat porlionof bromine(as dissolved in nitric acid, or it may J)6 added in 
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tlie form of a standard solution of nitrate of ehlorine has been replaced by air, and A.eigh. 

silver (V Mohr, Ann. Chem. und Pkarm., Again heat the contents of tlic tube in a 

gg jg| current of chlorine during 10 or 12 minutes 

C WUtstdn's method. See under Chloride and weigh as before. Repeat the op«rations 

ofSilrer. , of heating and weighing ""^"H'™ «""f '■"^'■'» 

D. PismC^me&od. Add to the mixed boIu- woighinga give the aanio result. Tlie .!,=<, .ortso 

tion of bromides and chlorides a itnown qiian- of weight is simply the difference between the 

tity of a standard solution of nitrate of Silver weight of the bromine originally present m the 

in alisrht excess, filter and determine the silver mixed saita and that of the chlorine which has 

in t^ filtrate by titration with iodine. (See replaced it. llie weight of bromine ongmally 

Iodide of Silvefl. The precipitate is weighed present is therefore deduced Irom the pro- 

and the proportion of bromine calculated as in portion. 

B. The pnociple of the method ia slightly D;[|i,™n« bctm™ . -u. wi. _ p^^^^^ ^^ , ^„,tor 

different from that of the preceding methods, alwi.. rf^cisuiiBt : Br - v,\-\^m -BriT™!!!. 
inasmuch as it precludes the partial precipi- 

tation. (Piaani,tom/>(MJS.ndM,44.35-2). ^i^'^^^^^ ^?'" ^^^ proportion that he 

PrhJ-^e ll Reduction of t« .metallic weight of bramine may be oWmc. by mu i- 

'""r^'l^l^ - , plvltiKthe observed decrease by l.,:ii. if Uie 

f chloriae desired, calculate the quantity of silver in tlic 

^"SaUd. WoiBl out • poi-Hon of tie mined pore chloride of' .ilver l.st w«i;l,e,l and 

prSpitete of b?ou,ide uiid chbride of sdrar .ubtrjct Bii. we«ht of silver and the .eight of 

hTX" bulb-tube , p». « slow eurreut of bromtoe doduc^T a. above d.sc.ab.d 1,„„, the 

hydroSnthtoush the tube, beat the .obsUiiee original wejrht of the mixed cJdoride aod 

iTta bofb Std it fuse's, and occionally bro„id.. Sie remainder is the required 

.halie the fused ma.s.0 that new .orfac may nmoont of chlorine. - fo d.teruun. the 

be e»no«d to tlie action of the hydco-en. Huaniit, of eUonue, precipitate ooiuplotely 

Whe" ft. rSuctlon s«.,us to be comAte, with nitrate of .d.er a new portion el the 

allow the tube 1» cool, bold it In an inclined subManc. to be an.ly.ed and deduct from tlie 

Slonfor a moment so that the hydrogen ra^ht of this precipitate that ol the bromide 

Sin it may be replaced by air, weigh it, of .ilvor found a. abovij „.,.,.. 

Ztaheat its contont; in a cuii-cnt of hyfrogen Prmu,,,.,. Though the method is tedious 

2d eSntinue these operations miB the two and inconvemcnt, very neenrate rosuli. can lie 

lit weiSSg. agKO. Calculalc bow much obuined by it .1 the proportion oibro.nino in 

chloride Sf Jvcrf. equivalent to the metallic the miitur. is not too small. Care must bo 

Sver found, subtract this chLoridc of silver tAcn to enpol the la« traces of bromine aod 

from the weight of the miied chloride and to weigh with scnipulon. accuracy in each 

btonide of silver taken, and oalcuhite how .nstanco, Tiie method » less h.ablc to cm, 

ouch bromine wa. present, by the method than MohA praccs. of precipitating .ill. a 

3ve;below,nnd«-Pn'«cipl«ra- TUemetbod known weight of .dver, .too described, 

of reducin. by liydro-'cu offers an excellent (under Principle 1). According to Ireseoiua, 

eon"ol to"the method by aiorine described a simphl mCrmient wdl .how that pure 

Mow, under Principle III. - CompaK, also chlorii. of .4ver heated e.utiou.ly m a eur- 

Ih. deta'u" manipulation there dcsfeed. rent of chlorme in a hgbt bulb tube suflers 

.. . . . .T. ., . ... :_._ „ui — i,i„ ,.r no nlterntion of weiifht. An error of t 



Principh III. Conversion il 



chloride of no alteration of weight. An error of 0.5 i 



, by hot chlorine. [Compare Cldorklo of Hgi^miue in this operation would be n 

Silver Joeompositiou of by bromide of polas- prising than an rnior of 2 mgrs. .n . . - 

oovoi, uHvu p J version of 2 or 3 grms. of sdver into chloride 

. "TiiicoSo... Estimation of bromine in of silver, mora especijlly if a litter Jere used 

^ji/,i..ur«" = j^ ^g process; and the filter can Imrdly be 

'"ESi Ai» ibe milted precipitate of di,ensedwa since a precipitate almost 

brinSde and Chloride of Sdver has been col- always subsides less readily and completely in 

Ed Ld weighed in the usual way, fuse it case of parlal precipitation than when the 

m the cmoiblclnd poor out upon a piece of pr«ipitatlon IS complete. ,..,, 

SiSini. much of the fused mass a. will be The proca, ..not directly applicable for 

Kfflcicnt for an anidysis. Place the fiiagments determimng small trjccs of bromine in freseneo 

ETwdgS bu'ElJbc, and again wcijh the of to quantities of cllonne, as m the waim, 

Sbo will in content.. P..s a slow sjiiiam of of saline springs, for example. In .uch case, 

pure, ij Serine g.. threugh the tube, heat the bromm. must ta concentrated either by 

fCsilver .dts to Ibsion and sb.li. the bolb tational precipitation with nitrate of nlvc-r, 

ocoas onally, in order To expose fissb surface, a. ha. been doKribed atov. (Principle I), by 

rfSc fused ina.. to the chlorine. Alter tli. flactional solution (see Bromide of hodinm), 

Sose of 20 or JO minutes, allow the tube to or by liaetional distillation (see Bremino). 
coil detach it from the chlorine generator. It is easy to oontro the result. obUinod by 

Md " il obUque position until the this methcd by treating the residual chlonde 
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04 BBOMIUE, 

of silver with liydrogen, as described under lai^ proportion of chlorides, mi.t the solution 

friiieiple II. The difference hetween the in a flask with chlorh jdric acici and binoxide of 

weight of tlie mixed bromide and cliloride of raanganrae, connect the flask with two wide 

silver, and the aiiiorint of chloride of silver Woulfe hottlea, by means of bent dehvery 

equivalent to it found in the direct way by the tubes. CharirD the bottles with strong animo- 

inethod now in qm^stion, and by caleiilatloii in nia-water ami slowly heat the mixture in the 

till! inetlio<l by hyilrty^cn, should he the same. flask. The whole of the bromine will pass 

Bromide of PotaSSlUtrip o^'^r before much, if any, clilorine is evolved. 

Peinciple. Power of decomposing freshly The bottles must be large enough aod the dis- 

precipitated chloride of silver. tillation slow enotich that no vapors shall 

Applicatmn. Separation of Bromine, Iodine escape. When all the bromine has beea 

and Chlorine. ' evolved, as may be seen by the color of the 

Metknd. See Iodide of Potassium, gas in the tubes and in the flusk abov* the 

Broniide of Sodium. liquid, loosen the cork of the flask to prevent 

JTinciple. ISolubibty in strong alcohol. the return of bromide of ammonium fumes, let 

Applications. Separation of bromine from the bottles cool and unite their contents. The 

chlorine, or rather concentration of bromine liquid, which cootaiDS all the bromine in the 

when iiiised with chlorides. substance analyzeil, together with a relatively 

Method. Add an excess of carbonate of small proportion of chlorine, may then be 

sodium to the mixed solution of hroniides and analyzed by one of the motjiods described 

chlorides, filter if need be, evaporate nearly to under Bromide of Silver. 

dryness, and extract the residue with hot abso- Principle II. Power of decomposing iodide 

lute alcohol. ITie whole of the bromide of of potassium and other metallic iodidt«. 

sodium [or of potaasium] will dissolve tt^ether Appticalvms, Estimation of free bromine 

with a small portion of chloride of swlium. (Method A); estimation of iodine in presence 

Add to the solution a drop or two of a eolutioa of bromine and chlorine (Method II). 

of carbonate of sodium, evaporate to dryness. Method A, Bring the gaseous bromine op 

dissolve the residue in water, acidulate with the bromine water to be analyzed into contact 

nitric acid, precipitate with nitrate of silver with a solution of iodide of potassium and 

and analyze the mixture of bromide and determine how much iodine is set free, by 

chloride raf silver, as described under Bromide titrating with a standard solution of hyposiu- 

of Silver. (Compare Marcliand, Joant. prakt. phite ot sodium, sulphurous acid, arsenite of 

Chem., 47. 363). sodium or some other reducing agent (see 

Bromine is commonly determined as Iodine). One equivalent of iodine is set free 

Bromide of Silver, or as Bromine (by volu- by each equivalent cf bromine in the substance 

nietric and colorimetrJo methodf, or by loss), analyzed. 

[See tJie finding list in Appendix]. If bromine water is to be tested, the portion 

Principle I, volatility. to bo analyzed may bo measured in a pipette 

Amdications. Eslimation of bromine in provided with a tube chained with moist 

jnetallio bromides. Separation of bromine hydrate of potassium, to protect the lungs of, 

from chlorine, or rather concentration of tlie operatpr, and the liquid may simply he 

bromine when inixeil with elilorides. stirred into a solution of 1 part iodide of 

Method A. Place the dry weighed bromide potassium in 10 parts of water. The forma- 

in a porcelain crucible, mix it with pure sul- tion of a black precipitate of iodine in the 

phuTic acid in slight excess, and evaporate liquid would indicate that an insufficient 

until no more fumes are seen to arise from the quantity oi' iodide of potassium had been 

dry residue. Weigh the residual metaljie taken. ^ If the bromine is evolved in the 

Bulpliate, calculate th^ amount of metal in tliis form of gas, it may be collected in a series of 

sulphate and subtract it from the weight of the two or three small flasks, or miniature Woulftt 

bromide taken ; the difference ^ves the weiglit bottles charged with the solution of iodide of 

of bromine in the sample analyzed. The potassium and tightly connected with one 

method is inapplicable for the analyas of the another and with the generating flask. At 

bromides m{ silver, lead, inercury and tin, the mouth of the flask in which the bromine is 

since these compoutnls are not reailily decora- generated, it is well to have a wide buib tube, 

posed by sulphuric acid. —• Platimira oru- slanting back towards the flask, in order to 

ciblcs cannot be employed; the metal would be condense aqueons vapor and return it to tlie 



attacked by the escaping bromine. flask. ^ The metiiod yields accurate results 

Method B. Supersaturate the bromide to and is easily executed, 

be analyzed with chlorhydric acid, evaporate If the solution to be analj'zed contains 

to dryness to expel the excess ol' acid, and ea- brgmhydric acid or a metallic bromide, as well 

timate the ohlorme in the residue as Chloride as free bromine, determine the free bromine in 

of"Silver,by titration. Fiwm the weight of a weii^hcd portion of it with iodide of potassium 

chlorine found calculate llie equivalent woight as above described. Mix another portion with 

of bromine. (Molir). an excess uf sulpimrous acid in a<]ueoiis solu- 

To gomientrate bromine when nuxcd with a tion, allow the mixture to stand tor some time, 
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aeldalate with nitric acid and determine the 
whole of the bromine as Bromide of Silver. 
The clifference between the two determinations 
gives the weight of the combined bromine. 

If the bromine under examination contaioa 
chlorine, the proportion of the two elements 
may be determined as follows ; — Let A repre- 
sent the weight of the impure bromine taten, 
! the weight of the iodine found, y the weight 
of the thforine in A, and x that of the bromine 



>.i= 






(liunsen, Annal. Chem. utjrf Pharm.,- 86, 
276). 

Method B. Prepare a standard solution of 
bromine by dissolving 1 grai. of bromine in 4 
litres of water. At the moment of use place 
40 c. c. of this solution (= O.OI grm. of 
bromine) in a litre flask and dilute wiUi water 
to the mark (see Alkalimetry) in order to 
obtain a solution containing -^^ milligramme 
of bromine in each cubic centimetre. If the 
iodide solution to be tested is alkaline, neutral- 
ize it with dilute nitric acid, then add to it, by 
. graduated pipette, ft definite 



pipette or burette pour upon the mixture a 
stated number of drops of the weak bromine 
water. On shaking the mixture the bisulphide 
of carbon or the chloroform will dissolve the 
iodine which has been set free and wilt become 
violet-colored. As soon as llie color ceases to 
become deeper on shaking the mixture after 
the addition of a drop of the bromine water, 
remove the colored bisulphide with a pipette 
and replace it with a frush quantitj;, equal to 
that first taken, add a further portion of the 
bromine water, and continue to repeat these 
operations until the last portion of bisulphide 
or of chloroform f^la to become vioiet-eolored 
after the addition of the bromine. The 
quantity of standard bromine water used, 
minus the last portion which felled to impart 
any violet color to the test liquid, is equivalent 
to (he amount of iodine in the substance 
tested. ^ Both bisulphide of carbon and 
chloroform are capable of indicating the 
presence of exceedingly minute traces at tree 
iodine. Bromine alone colors 
carbon yellow. An excess m 

presence of iodine yields br mi 
which imparts no violet color to 
In order to judge of the te 
coloration, similar amounts o 
siiould be added throughout 
(De Luca, Comptes Rendus 37 1 

cording to Freseniug this met 
convenient nor so praeticid ah g 

method of Dupr^, in which lil 
in place of bromine. % 

According to Cssaseca {A P 

(a), 46. 482) the method abo 
feulty, inasmuch as bromine w tc p 



rapidly. A standard solution of it cannot be 
kept during 2-1 hours. He finds, moreover, that 
the amount of iodine set free is not always 
equivalent io the quantity of bromine used; 
in one experiment as much as three equivalents 
of bromine were required to liberate the 
iodine. Before proceeding to the actual 
analysis he therefore determines empirically 
the value of his bromine water by titrating 
with it a known weight of iodide of potassium. 
In case iodine is to be determined in solutions 
containing but little more than 1 milligramme 
of the element in 10 c. c, a standard solution 
of iodide of potassium is first prepared of such 
strengtli that each c. c. of it shall contain 1 
milligramme of the iodide. 1 e. e. of this 
solution is placed in a graduated tube, diluted 
with water to 10 e. c. and tested with chloro- 
form and bromine water, aecoi"ding to De 
Luca's directions. The bromine water should 
contain about I mitligrm. of bromine to the 
c. c. and had better be poured from a burette 
marking tenths of cubic centimetres. . The 
quantity of bromine water which represents 1 
milli^Tn, of KI, or the 0.000763 grm. I, therein 
contained, having thus been determined, the 
actual analysis of any unknown iodide solution 
of the givea strength may be undertaken. A 
similar method of procedure is appiiuable to 
solutions containing less than 0.5 milligramme 
of iodine in 10 c. c; but Jn that case two 
standard eolu];iona of bromine water are needed, 
the one containing 1 milligrm. of bromine 
and the other 10 niilligrma. to the c. c. The 
strength of any unknown solution must be 
determined approximately by a preliminary 

In case bromine, chlorine and iodine are ail 
to be determined, De Luca precipitates one 
portion of the solution coraptetdy with a 
standard solution of nitrate of silver (see 
Chloride of Silver) ; determines the iodine as 
above described in another portion, and the 
bromine and iodine bother in a third portion 
by means of a standard. solution of Chlorine. 

Principle 111. Power of oxidiKing the 
lower oxides of iron, manganese, and some 
other metals, ferrous salts, sulphurous acid, 
hyposulphites, etc., etc. 

Appliealions. Precipitation of manganese 

E of free bromine, 

or in the gaseous 

m L m romine in presence 



ods Stb 



ose described under 

ng AiiiOxide of Man- 

from acetic acid soln- 



1 as Hydra 



chlorine is to be 

L of the sulistance in 

with a cold aqueous 
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OD ■ cahmium. 

solution of sulphurous acid and precipitate cadmium. For tbe separation of cadmiiira 

with nitrate of silver. Digest the mixed pre- irora other elements see finding list in the 

cipitate of Iwomido and chloride of silver with Appendix. 

nitric acid to diisolve any aulphiti; of silver Principle. lusoluhility in dilute acids when 

wh th mij haic gone down wa*ih, dry and in presonee of metallio zine. 

weigh ^ If A equal the w Light ot aub- Method. Place a rod of pure aino in the 

stant-e taken B that of the AgCl plus AgBr dilute sulphuric, chlorliydric, or even nitrie 

obtained j the weight ot bromine in the acid solntioa of the cadmium compound, wash 

substance taki-n and y the weight of the the precipitated cadmium witli hot water, dry 

chlorine then (best in' an atmosphere of some nonoxidizing 

B — --BiA anda-^A-y S^^)' "^^ weigh. {Pfoff, Handbuch analyt. 

"*■ Chein., 1825, 2. 391; Ideieener, Gilbert's An- 

(Bunsen, Annal. C'hem. ttnd Phwm., 86. natcn, 49. 99). According to WoUaston 

276). (Schwfujger's Jahrb., 4.. 371), it is best, after 

Principle IV. Decoloration of by oil of tur- any heavy metals which may be present have 

pentine (substitution of Br for H in the oil), been tJirown down by iron and separated by 

Application. Estimation of free bromine. filtration, to put the chlorhydric aoid solution 

Method. Disaolve 20 grammes of perfectly of cadmium, etc., in a platinum dish with a 

Eure oil of turpentine ia enough absolute aloo- piece of zinc. The metallio cadmium will in 
ol that the mixture may be equal to 200 c. c, this case adhere firmly to the platinmn and 
84 e. c. of tbis liquid (^= 1 equivalent of oil may consequently be washed ivith peculiar 
of turpentine) con'espoud to 8 grms., or 1 ease. It may either be we%hed m such, after 
equivalent, of bromine. Place the solution of drying, or dissolved in chlorhydric acid and 
bromine to be analyzed in a stoppered bottle, reprecipitated as Carbonate of Cadmium, 
add the oil of turpentine aolntion drop by Calclurn may bedefermined as Carbonate, 
drop, shaking the bottle after each addition. Oxide, Oxalate, orSulphate. For itseatima- 
nntil the mixture has become perfectly color- iion ty alkalimetric methods see the Carbon- 
less. One equivalent of oil of turpentine ate, Oxalate and Oxide, For the separation 
takes up and decolorizes 1 equivalent of bromine. of calcium from each oi' the other elements see 
The process yields satJsfectory results, but is finding list in the Appendix, 
less convenient (ban the method witli iodide of CanthaHditl. 

potassium (see Principle II). In ease very Principle. Sparing solubility in bisulphide . 

small quantiliee of bromine are to be estimated, of carbon, and in alcohol, 

a more dilute solution of oil of turpentine AppHcalions. Separation of cintharidin from 

should be used than that given above. fats and oils. Estimation of cantharidiu in 

Principle V.' Power of decomposing ammo- Spanish flies, 

nia with evolution of nitrogen. (See Sitrogen Method. Plug the throat of a funnel or per- 

Compounds), eolation cylinder with cotton wool, pour fine 

Pj-inciple VI. Power of coloring ether, sand upon the cotton to the depth of 10 or IS 

water, and chloroform. m. m., and place about 40 gims, of finely 

Applications. Estimation of bromhydrio powdered cantnarides above the fi:md. Exhaust 

aeid or combined brooiiuo, even in presence of the powder thoroughly and methodically with 

chlorides. Especially useful for determining ether or chloroibrm. Evaporate the solution 

small quantities of bromine. to di'yness and heat the residue, at a tenipera- 

MelAods. See Chlo^ne, power of decom- tore do higher than 40°, until it ceases to 

posing metallic bromides. smell of the ether or chlorofoi-m. Allow the 

Pnnciple VJI. Affinity for metals of the residue toeod and poor upon it SO or 60 c. c. of 

aJkaUes and alkaline earths at high temper- bisulphide of carbon. When the mass becomes 

atures. pulverulent, transfer it to a weighed filter and 

Amplication. Estimation of bromine in or- wash tiie crystals of cantharidin with bisul- 

ganic substances. phide of carbon until the last ti'acea of oil 

Methods. Ignite the substance with quick- have been removed. Finalh' dry and weigh 

Unie,or the like, dissolve the resulting bromide the filter with its contents. (Jlortreux, Journ. 

of calciuw in water and precipitate Bromide Pkarm. et C/iim., 46. 33). 

of Silver. For the details of the igijition see Dragendorif & Blum (ZeiUch. analyi. Chem., 

Chlorine. 1867, 8. 126) mix: 25 or 30 grms. of powdered 

BrUcin> [Compare lodo - mercurate of cantharides with S or 10 grms. of calcined 

Brucin.] magnesia, moisten the mixture with water and 

Principle. Solabilily in benzole. rub it to a paste. Thapaste is then dried on 

Application. Separation of brucin from a waterbath,thedryproditet rubbed topowder 

strychnin. and enough dilute sulphuric acid added to 

Method. See Strychnin. sliglitly supei-saturate tlij magnesia. Imiiie- 

' diately alUir adding the acid the mixtuiu is 

Cadmium may be determined as Oxide, shaken with small successive quantities of 

Sulphi<le or Carbonate, or aa metallic ether as long as any cantharidin continues to 
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be difiaolveii. Tlio several 
are mixed, the mixture i: 
and the ether recovei-e't b 
residue {rem the distillntic 
cryaUis of cantliaridia, 
substance, — is tvaiisferrei 
and washed first with bisul 
remove fat, and afterwart 
dissolve the yellow sabstan 
din is then dried at 100° a 
rections should be applied 
the solubility of cantharidii 
carbou and in alcohol, as ft 
10 c. c. of bisulphide of carl 
grm, to liie amount of c 
weighed, and for every 10 i 
O.0024 grm. — Instead 
of zine may be used;. and, ii 
at once with ether, the sli 
of sulphate of magnesium, 
cantharides may be e vapors 
the dry mass extracted v 
■chloroform. No cantharidi 
ization during the diedllati 
Holution. 
Carbon. [Compare Gri 

trogen and Oxygen], 

Principle I- Insolubility 
dric aeid,' or in solutions of 
chloride of copper, chloride, >.. ...u^, u. ■«,..*- 
ulated chromata of potassium. 

Application. Separation of carbon from 
irou i — as in tlie analysis of cast-iron and 
Bteel. 

Method A. ■ Soln-liun of the iron in dilute 
chlorhydrie acid, with the aid of a weak gal- 

Cast-Iron. Incase lie material to be operated 
upon is white or gray cast-iron, weigh out a 
lump (10 or 15 grme,) of the iron and suspend 
it in dilute chlortiydrio acid by means of plat- 
inum-pointed placers, in such manner that that 
portion of the mass which is la contact with 
the platinum shall not be moistened by tlie 
acid. Or, ia default of pincers, lay the iron 
upon a small sieve of platinum and sink the 
sieve in the diluW acxd. The dilute acid may 
be prepared by mixing about 12 vols, of water 



acids upon white djid gray cost-iron, see Hahn, Anna- 
lea Ckem. vmd Pharm., 139. o7. See also Rium^ui, 
Zeiltch. am!j/i. CAeta., lesu, 4.']69, who finds that 

SLBcea of tlioFOnghty hardened steel leare no car- 
onaceous residue when treated with ohlorhydrio 
acid of 1.12 bd. gr,, and that the carbon which sepa^ 
rates fn>m sole st^el can all be destroyed by dieacUT- 
Ing the stael in boiling ohlorhydr' - -^ -" - -" 



hand, a considerable raaidne of carbon insdhible in 
hot aoid Is ielt when soft steel is slowly dissolved in 
cold chlorhydrio acid. Snlphurio acid diluted witti 
6 parts of Vater yields results ajjnilar to those ob- 
tained with chlorhydrio acid, ouly the snlphuiio acid 

hydrio In order tlmt all the curbou tthall be e^ipelled 
as a hydrocarbon gns. 



the pincers with the positive pole of a 
Bunsen element, by means of a copper 
Immerse a strip of^ p!:ttinum foil in the 
f chlorhydrio acid and by means of 
r wire attach it to the negative pole of 
iment. Regulate the strength of the 
io current in such wise that no sasqui- 
e of iron shall be formed. That is to 
crease or diminish the distance between 
Btrodes. To do this, move the foil away 
)r towards the lump of iron. The 
!6 of any ferric chloride is, for that 
, immediately made manifest by the yel- 
tinge which it imparts to the stream of 
trated ferrous chloride flowing dowif- 
from the piece of iron. During tho 
of solution the external appearance of 
ip of iron undergoes but little change, 
3 carbon and other insoluble matter 
the original form of the lump. 
r about 12 hours, when all the iron 
was immersed in the acid has dissolved, 
>1F from the mass of carbon the compact 
if iron which has been nipped by the 
., wash, dry and weigh it, and subtract 
rht from that of the ori^nal lump of 
1 order to obtain the weight of irtm 
las really dissolved. Collect the carbon 
niittuuiier insoluble matter upon a tared filter 
of a^bi^tos, w!Bh with hot water, dry at 120° 
-130° in a current of air, and weigh. Transfer 
the dry residue to a weighed porceliun boat, 
rinse out the fUtering tube with dry oxide of 
mareury and pour the rinsings upon the carbon 
in the boat. Place the boat in a glass tube 
behind a column of oxide of copper, heat the 
latter to redness, ignite the contents of the 
boat in a current of oxygen gas, in the manner 
expliuned below (Principle II), and collect 
the Carbonic Acid in a weighed quantity of 
potash lye or soda-lime. An unweighed chlo- 
ride of calcium tube may be employed to 
catch the vapor of mercury. Finally weigh the 
incombuatible residue of sIe^ and silica in the 
boat. ^- The process yields good results aa 
compared with most other processes, and has 
the very great advantage of dispensing with 
the necessity of^ reducing the iron to powder. 

Precautioits. Care must be taken to 
maintain a weak galvanic current. The iron 
should dissolve as protoehloride and all the 
hydrogen should escape from the surface of the 
platinum foil. Little or no gas should be 
evolved from the surface of the lump of metal. 
A strong current of galvanism would not only 
be apt to render the iron passive, but might 
occasion an evolution of chlorine from die 
surfece of the iron, whereby some of the carbon 
would be oxidized and lost aa carbonic oxide 
or carbonic acid. Another portion of the 
carbon would unite with chlorine, and the 
compound being subsequently decomposed by 
the galvanic current, carbon would be set 
firee at the negative pole, togelhev with hydro- 
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gen, in such manner that some of it miglit be Weigh out about 2 grms. of the cast-iron, in 

lost in the form of a iiydrocarbon jras. tlie form of borings if it be gray, or of coarse 

Thffpoints of contact between tWplatinura powder if white, place it in a small beaker, 

pincers and the lump of metal must not be pour upon it a solution of 10 grms. of sulphate 

allowed to become moist lest tte current be of copper in 30 c. c. of water, heat the liquid 

' -'-^■' ■' ' " - '■' )f carbon gently and stir it frequentV until th( ' ' 

1 tW^J''' t^s ''^° ''f^ dissolved. Allow the n _ 

settle, decant the clear solution and oxidize 

The process as above described succeeds the moist residue with chromic acid in the 

well with specular iron, according to Weyl and manner explained below (Principle II, Method 

Fresenius (Zei(scL analyl. Chem., I86i, 3. 10). (Ullgren,'4nn(ri. CAem. o)wiPAonn.,124. 

337, note). 59). Or, eoUect the carbon upon a filter of 

Sleet In the case of steel a new precaution asbestos, as already explained (A), 

is required, since the carbon, which separates Sulphate of copper is preferable to chloride 

when steel Is dissolved in this way, is so finely of copper (Method C) since it may be 

divided that the particles do not cohere and heatedT without detriment to the anal jsii. The 

remain as a permanent mass at the positive solution of the iron is consequently iar more 

pole of the battery. If the operation were rapid in this case than when chloride of copper 

conducted as above described most of the is employed. 

carbon would be transported to the negative Method C. Solution of tlw iron in chloride 

pole of thebattery, there to be deposited in part of copper. Weigh out about 6 grms. of lie 

and in part to be lost through union with the finely divided metal, pour upon it a quantity 

nascent hydrogen and evolution as carburetted of a concentrated, neutral, or almost neutraJ, 

hydrogen gas. To prevent this waste of solution of cupric chloride, and let the mixture 

carbon, a porous membrane must be interposed stand at the ordinary temperature, witi, occa- 

between the fi-agment of steel and the negative sional stirring, until the whole of the iron has 

pole of the battery. The apparatus may be dissolved. The solution of chloride of copper 

prepared as follows: — Tie a piece of bladder must be as free from acid as possible, and 

over one end of a wide glass tube or broken rather more of it must be taken tJian would be 

cylinder, support the cylinder in a beaker half sufficient to convert all tlie iron mtoterioua 

full of dilute ehlorhjdric acid, so that the chloride. The mixture must not be n armed, 

bladder end shaJl be immersed in the liquid lest subchloride of copper be formed and a 

near the bottom of the beaker, and pour dilute small amount of carburetted hydrogen evolved 

cblorhydric acid into the cylinder until the (Karsten; Hahn, Annal. Chem. und Pharm , 

acid stands at sensibly the same level within 129. 76)*. By pressing the undissolved mattei 

and without. Hang the weighed lump of with a glass rod it is easy to determine if any 

steel in the acid in the cylinder, immerse the hard lumps of iron are still mixed with it 

plS^num foil which serves as the negative pole When the last fragments of iron have di-sotved 

of the battery in the aeid in the beaker, and and nothing is left but a crumbly miss of 

proceed as above described. After several metallic copper, free carbon ajid the m»ol- 

hours a black deposit will sometimes form at uble impurities of the iron, mix the solution 

the negative pole of the battery, but it will be with a quantity of cblorhydric acid, togtther 

found to be readily soluble in cblorhydric acid, with, some more chloride of copper, if this be 

and to consist of nothing but iron resulting needed, and wait until the whole of the copper 

front the electrolysis of chloride of iron which has dissolved to cupreous chloride. Collect 

has passed through the membrane. (Weyl, the carbon on a tared filter of asbestos (see A) 

Zeiiscl. anolyt. Chem., 1865,4.157), wash it first with water, then with cblorhydric 

The Asbestos Filler may b^ prepared as acid to remove subchloride of copper, and 

follows: — Select a not too narrow glass tube, afterwards with water to remove the acid, 

heat a portion of it, near one end, cau- Dry at IKO^-ISO", weigh and burn to carbonic 

tiously in the lamp, and slowly draw out tlie acid, as in A, The carbonic acid should be 

sofliened and thickened glass in such manner made to pass through a small chloride of 

that this part of the tube shall be made much calcium tube on its way to the soda lime, since 

narrower than the rest. Push a loose plug of the carbon is always contaminated with a small 

asbestos down the longer portion of the or^nal proportion of some hydrogen compound. This 

tube until it rests upon the beginning of the method, originally proposed bv " 

narrowed portion. Fix the tube in an upright (Pogg. Ann., 46. 42), is still 

position, and pour into it, upon the asbestos, (Compare M. Buehner, Berg, und HUllenm. 

the sutffltance to be filtered. The asbestos Zeitang, 24, 84). According ta UUgren 

should be tliorougbly boiled tieforeband with {Annalen Chem. und Pharm., 124. 59) it 

cblorhydric ^id to remove soluble impurities, yields results somewhat too high, since no 

and then ignited in a current of moist air to allowance is made for the nitrc^n in the iron, 

expel any contamination of Huorine. Afethod D. Sohition of the_ iron in chloriile of 

Method B. Solution of (lie iron in mtljihale i?-on. Add to a solution of ferric chloride enough 

of copper, carbonate of caelum to neuti'allze the free acid, 
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and pour the filtered liquid uMn the iron easUy comhuslibk, con-To!atile, solid or li((uid 

to be analyzed. The metallic iron will organic compounds. The apparatus required 

dissolye to ferrous chloride, and a mixture of consists of a comimtion tvhe of hard Bohemian 

carbon and other insoluble impurities, together glass, drawn up to a point at one end, as 

with a quantity of muddy oxide of iron will described in works relating to chemical manip- 

be left. Dissolve this oxide in chlorhydric ulation; a combwitwn ficrnace ; a light tube full 

acid, and collect and determine the oirboo as of Chloride of Calcium (o. u.) for absorbing 

before. Both C and D succeed best when the water; a set of potash bulbs (see Hjdrat* of 

iron is finely divided. Potassium), and a aoda lime tube (see Soda 

In order to pulverize hard cast-iron, beat Lime) for carbonic acid; an mr pianp or ei- 

the metal to moderately small fragments upon hausting syringe, and a small copper dish or 

an anvil, crush the fragmcuta in a st«el mortar porcelain mortar for mixing the substancewith 

and sift the powder in a leaden sieve provided oxide of copper; besides corks, and connections 

with small apertures. The softer kinds of of narrow caoutchouc tubing, 
iron caanot be broken in this way. They must Tke combustion tube may be some 40 or 45 

be filed to powder with a sharp file, after the c. m. long and should have an internal diAmeter 

external crust of dirt or oxide has been^led of 12 or 14 c. m,; the glass of the tube should 

off. ^ In powdering highly graphitic iron be about 2 m. m. thick, and of the most in- 

a very considerable loss of carbon may occur, fijgible quality. Clean the tube from dust by 

(Booth & Morfit, OAemi'cai (jiwette, Vol. 11). wiping it out with a rag or piece of paper 

Method E. Solution of the iron in acidulated attached to a wooden ramrod or to a blunt 

bichromate of potassium. wire. The tube will be dried at a later period, 

Klute a saturated aqueous solution of bichro- as will be explained. Fit to the tube three 



mate of potassium with an equal volume of excellent corks, and carefully perforate t 

water ana add as much sulphuric acid as will them, with a fine round file, in such manner 

be sufficient to saturate both the potash and that the narrow portion of the chloride of 

the chromic and ferric oxides which are to be calcium tube, described telow, may fit the 

formed. By means of platinum pincers or hole, air tight. Each of the corks should fit 

wire, hang alump of iron (10 or 15 grms.) the combustion tube so tightly that by pressing 

just beneath the surface of the liquid anifjeave strongly with the fingers no more than one 

It at rest. The iron will dissolve rapidly, third of the cork can be screwed into the 

without evolution of gas, while the carbon tube. The corks should be smooth, soil, and 

remains intact. The hydrogen which may be as free as possible from visible pores; they 

supposed to result from the action of the acid should be dried for a long time at iOO°. The 

on the iron is immediately oxidized by the purpose of the second perforated cork is to 

chromic acid before it can become free or replace the first in case of accident. Instead 

combine with any of the carbon. The ferric of^ ordinary corks, perforated caoutchoue 

salt sinks to the bottom of the beak a 1 st t pp re of good quality may be employed in 

as it is formed and soon renders th ti n t ases. 

liquid opaque. The carbonaceou es 3 CI i^e the potash bulbs with a clear solution 

contains a large proportion of iron an 1 pp f t:c potash of about 1.2? sp. gr. , tolerably 

to be a chemical compound of the two 1 m nts fi- from carbonate. — Caustic soda will not 

That obtained from steel dissolves c pi tely a w r so well, since solutions of it are liable 

in chlorhydric acid with violent ev I n f to froth. — Wipe the outside of the bulbs with 

hydrc^en and carburetted hydrogen. F the a d y cloth and the insides of the ends of the 

method of esiimating the carbon in th d t b with slips of twisted filter paper. Close 

see A, B and C. th two ends of the apparatus with little caps 

Like Method A, this process djspe « th f m d by plui^ng short pieces of rubber 

the trouble of pulverizing the iron. It pp rs tb g with bits of glass rod. Hang the bulbs 

to be specially adapted for the analvsis of steel in a room not liable to wide or sudden fiuctua- 

amd white iron, since with specular iron a small tions of temperature, and leave them there 

quantity of hydrogen and carburettedhydrogeii half an hour or more before weighing, 

is evolved during the process of solution, unless Pill a bulbed chloride of calcium tiibe with 

the solution of chromic acid be very ooneen- small lumps of the porous chloride, wipe out 

trated. (Weyl, Zeiisch. amUyt. Chem., 1865, the narrow porti f th t bi, lose the two 

4. 168). ends of the tube with [! d ps as before, 
and place it in th oom t tant tempera- 

Principle II. Oxidation ■ to carbonic acid, ture with the pot. h 1 lb 

by oxide of copper, chroiuate of lead, chromic Fill three quarters f an th bulbed tube 

acid, oxygen or air. with granulated da I ne and the other 

Applicalions. Estimation of carbon in any quarter with small lumps f p is chloride of 

mixture or compound. cnlcium, plug the ends ot the tube and place 

Method 1. Combustion with Oxide of copper, it with the others. 

(Tjebig's method). Meanwhile put from O.SS to 0.6 grm. of the 

The process is well suited for the analysis of substance to be analyzed in a small dry glass 
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tube, 4 or 5 c, m. long hy about 1 c. in. wide, eliort neck. — Pour some of tlie oxide of 

fllip tlie tube into another somewhat larger tube copper from tie combustion tube into the 

in such manner that it may be closed almost mortar, throw out upon this oxide of copper 

sir tJght, and weigh the tabe and Bubstance. the substance to be analyzed, from the tube in 

It is well to weigh the empty tubes rouf|;hly which it was weighed, tajdng caro to shake the 

beforehand in order tliat a quantity of the tube so that little or none of the substance 

substance proper for an analysis may be taken shall remain adhering to it. Presert-e the 

with certamty. The material to be analyzed empty tubecarefuUysinceitmustboreweighed. 

should be perfectly dry and in the state of fine Pour more oxide of copper from the .combustion 

powder; more or less of it should be taken ac- tube to cover the substance in the mortar and 

cording as it is supposed to be rich or poor mis the substance with the oxide by carefully 

in oxygen. rubbing the two together with the pestle, 

Weigh the potash bulbs and soda lime tube, taking care not to press upon the latter too 

and finally the chloride of calcium tube. In strongly. Add to the mixture in the mortar 

case the balance is sensitive when heavily laden, all the oiide of copper in the tube excepting 

the potash bulbs and soda hme tube may be a layer of 3 or 4 c. m. at the very end and in- 

weighed together. Take care to remove the corporate the matter thoroughly. Take out 

stoppers of the tubes before weighing and to tlie pestle fi-oni the mortar, shrute it to remove 

replace tliem afterwards. - adhering particles of the mixture, and lay it 

Fill a Hessian crucible of about 100 c. c. upon the glazed paper. Carefully transfer 

capacity nearly full with sofl black oxide of the contents of the mortar to the combustion 

copper, — prepared by igniting nitrate of tube by repeatedly thrusting the mouth of the 

copper until no more nitrous fumes escape from tube into tke mixture and then inverting the 

the mass, — cover the crucible carefully with tube: to transfer the last remnants of the 

a tightly fitting cover, heat the crucible with mixture pour them upon a smooth card and 

its contents to dull redness in a small fire of thence into the tube. Four a small i^uantitf 

charcoal, and set it aside to cool. In case the of oxide of copper from the crucible into the 

substance to be analyzed is solid, a porcelain mortar, rub it about with the pestle so that 

mortar will be needed in which to mix the any particles of the mixture stall adhering to 

substance with the oxide of copper. —• The the porcelain may be rinsed off, and transfer it 

jnorlar should be wide rather then deep, and to the tube. Repeat this operation of rinsing 

should have a lip. It should not be glazed until the combustion tube is fliU to within 3 or 

inside but must be free from cracks and flaws, i e. m. of its mouth, then push a not too tight 

Before use, the mortar should be washed clean, plug of asbestos or of copper turnings against 

dried thoroughly and kept in a warm place the oxide of eopper to keep it in place and 

until needed. A shallow, oblong copper dish close the tube temporarily with a dry cork, 
or saucer, provided with a lip at one end, may The asbestos should be ignited bcftrehand 

be employed with advantage for mixing the in a stream of moist air to remove fluorine, 

substance with oxide of copper. and the copper turnings first in air and then 

The clean condjuation tidie should now be in hydrogen to free them from dirt, 
thoroughly dried by moving it quickly to and Rap the tube gently against the table until 

fro over a lamp — so that the entire length of its contents settle tceether to such an extent 

the tube may be heated, — and repeatedly that a narrow Mr-channel is left open above 

sucking out the hot air from witliin the tube, the oxide of copper from one end of the tube 

through a small, long glass tube which reaches to the other, for the passive of the gases which 

to its bottom. are to be evolved, and that the upturned pos- 

As soon as the oxide of copper has cooled terior point of the tube is left clear. Carry 

to such an extent that the crucible which the tube to an air pump or simple exhausting 

eontains it can just be held in the hand, pour syringe to which is attached a long tube full 

a little of it into the porcelain mortar and of dry chloride of calcium, and connect the 

another small portion into the combustion tube, combustion tube with the latter, by means of a 

rinse out both mortar and tube with the warm perforated cork. Place lie combustion tube 

oxide, and then throw it aside. in a narrow wooden box or trough, fill the 

Spread a large sheet of glazed paper, such box with hot sand so that the entire length of 

as bookbinders use, upon a clean table, and the tube shall be covered with the sand and 

place the mortar upon it in order tbat nothing then slowly pump out the air which is contained 

maybe lost in case of spilling. Fill nearly in the tube. The sand must not be hot enough 

two-thu^ls the length of the combustion tube to singe paper. The pumping must be careful 

with the warm oxide of copper, either by re- and deliberate or some of the contents of tlie 

peatedly thrusting tbe mouth of the tube into combustion tube will be carried out with the 

the oxide in tbe crucible held somewhat escaping air. Afler a moment slowly open the 

inclined, and then inverting the tube, or by stop-eocs of the pump so that fresh air may 

dipping up the ovide with a tea spoon of enter the combustion tube. Ail the moisture 

Oerraan silver and pouring it into the tube containedin thisfreshair willbestoppedby the 

through a siiiull, warm copper funnel with a. chloride of calcium, as wull as that brought 
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carefully pump out air from the tube, then 
admit more air and continue to exhausC and to 
admit air alternately some 10 or 12 times in 
order to remove the last traces of m ' t re 
which may have hcen absorbed by th xid f 
copper durin" the operation of milling 

Instead of operating as above de nh d 
better way is to place the combuati t b 
upright in a retort holder, to mix the b ta 
wilh oxide of copper in a small copp d h 
and to pour the mixture into the babe thro i^h 
& Bmooth, warm copper funnel. The te 
portion of the tube may then be filled tr th 
a tightly packed layer, 20 c. m. long f h 1 
gray, granulated oxide of copper, whi h 1 k 
the soft oxide above described, has b t ! ttl 
power of absorbing moisture from th 
(Mulder). By proceeding in this w y th 
necessity of pumping may be do w y 

Btmsen'a Modification. Another w y f 
avoiding the moisture of the air and of 1 p ns 
ing with the need of an air-pump has b 
divated by Bunsen. This chemist direLts that 
the substance to be analyzed be throwa direct- 
ly into the combustion tube and there mixed 
with oxide of copper by means of a twisted 
wire, instead of being rubbed with the oxide 
in ji mortar or other uish. His process is pai^ 
ticulaj'ly well adapted for the analysis of highly 
hygroscopic bodies and of substances which 
would be decomposed . by warm oxide of 
copper. 

The hot oxide of copper is transferred from 
the crucible in which it wm ignited to a warm, 
drj^ glass flask, or wide tube closed at one end, 
■which is then corked tightly and left to eool. 
The substance to be analyzed is meanwhile 
weighed in a long tube of thin glass provided 
with a cap cover, as described above. This 
weighing tube should be about 20 c. m. loi^ 
and 6 or 7 m. m. wide. — As soon as the 
oxide of copper has become cold, uncork the 
flask or tube which contains it, thrust the end 
of the dry combustion tube throi^h the neck 
of the flask into the oxide of copper, in such 



this oxide and throw the rinsings aside. Again 
thrust the combustion tutio through the neck 
of the flask into the oxide of copper and take 
np enough of the latter to fiirm a column or 
layer about 10 c. m. deep at the posterior end 
of the tube. -^ The transfer w oxide from 
the flask to the tube is readily effected by 
hoiding the tube in a slightly inclined position 
and gently tapping the tube. ^ Open the 
weighing tnbe, thrust it ^ far as possible into 
the combustion tube, held slightly inclined, and 
pour out the substance to De ajialyzed. In 
doing this, turn the weighing tube about so 
that Its con^nts may fall out more readily, and 
at the satne time press its rim against the upper 
side of the combustioii tube in order to keep it 



from touching the substance after it has once 
fallen out. As soon as the substance to be 
analyzed has been poured from the weighing 
tube, bring the combustion tube into a iiorizon- 
t ! position so that tbe weighing tube, still 
p es d against its upper aide, shall be slightly 
I d, with the closed end downwards. 
Th slowiy withdraw the weighing tube, 
t*k care to turn it so that any portions of 
th bstance which may have remained 
ttached to the rim of the tube may fall back 
t t Close the empty tube and put it aside 
t b weighed. ^ Transfer from the filling 
flask t the combustion tube another quantity 
f de" of copper equal to the first, ao that 
th hali be a column of oxide of copper 20 
m long at the end of the tube, with tl^ 
b tance in the middle of it. To mix f^ 
b t nee with the oxide of copper, provide a 
1 n^ bright, stiff ir«n wire, bent to a ring or 
1 p t one end, forthe haiid]e,and atthe omer 
d pointed and twisted like a cork screw, 
w th single twist. Push the screw end of tlie 
w deep into the oxide of copper and move 
It about rapidly for a few minutes in all direc- 
tions, so that the substance and oxide may be 
intimately mixed. Withdraw the wire,transfer 
a new quantity of oxide of copper from the 
filling flask to the tithe, wipe the wire in this 
oxide, and finally fill the tube with oxide ot 
copper. — So little water is absorbed by 
the oxide of copper in this process that a single 
chai^ of the iilUng flask may be made to 
serve for several analyses. If the flask be pro- 
vided with a tight cork the oxide of coppef 
will remain several days fit for use. even though 
the flask be repeatedly opened and portions of 
'' contents withdrawn. (Buuscn, anriduicer- 



properly filled, and freed from hygroscopic 
moisture, thrust the narrow end of the weighed 
chloride of caitium tube through one of the 
dry perforated corks, twist the eork tightly 
into the mouth of the combustion tube, and 
place the latter in a '■combustion furnace." 
The combustion furnace may be fed with char- 
coal, alcohol, or far better, with gas, in accord- 
ance with almost any one of the numerous 
Elans described by works on chemical manipu- 
ttion. Compire, for example, Baumhauer 
(^Annal Chem. und Phann., BO. 21), J, Leh- 
majin {ibid, 102. 180), Heuita {Fogg. Aim., 
103, 142), Hofmann (Journal Chem. Soc, 11. 
30). 

Copper foil for larapping &ofi (ubes. In case 
the combustion tube has to be made of glass 
which is not infusible enough to withstand 
the heat of the furnace, the tube should bo 
wrapped in thin copper foil or gauze, and 
wound around with iron wire, before it Is 
placed in the furnace. Or the tulw may be 
laid in a shallow trough of sheet iron. 

The combustion tube should incline forward 
dlglitlj, and its mouth should project at least 
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an inch, beyond tlie edge of the furn da h mixing mortar, or to wipe the mixing wire, 
screen of sheet iron should be placed h d arbonic acid hegina to he evolved, the 
edge of the furnace bo as to protect h m h re f the lur in the apparatus will escape in 
of the tube from excessive heat. Th u^h 1 bubbles. But when the actual mixture 
the experiment the projecting part of h tub ched, the bubbles wliich pass into the 
should be kept so hot that tlie fi p ash are nearly pure carbonic acid, sd 
liardly hear the shortest contact wi h b h onlj now and then a solitary air bubble 
no hottei- than this, lest a portion of h k nil escape through the liquid. ^ The heat- 
be burned, and the analysis thereby I ing f the tube should be so ri^ulated that the 

By means of a short rubber con g bubbles may follow one another at intervals 

tach the potash bulbs to the free d f th f f m one-half to one second, 

chloride of calcium tube, taking care t« place Ailer about three quarters of an hour, when 

the largest bulb next to the chloride of cal- no more gasiaevolved, although thetubeis red 

cium tube, and tie the ends of the connectors hot from end to end, take away the fire from 

firmly to the glass with fine cords. ' During the posteiior end of the tube, so that the up- 

the operation of tightening and tying the turned point may be free, and place a screen 

cords, the ends of the two thumbs should be between the point and the fire. The cooling 

pressed flnnly together, so that no part of the of the ond of the tube thus caused, taken in 

a:ppitratus need be broken in case a cord hap- connection with the absorption of carbonic 

pens W) give way. It is well, also, to rest the acid by the potash lye, will cause the latter to 

fragile bulbs upon a folded cloth, or some other be forced back into Uie large bulb. The liquid 

soft substance^ To the free end of tlie potash will nse slowly at first, but with increased 

bulbs attach, ivith another connector, the sup- rapidity ailer it has once entered the lai^e 

plementary soda lime tube, and support it in a bulb, but there is no danger of its flowing into 

horizontal position by means of a ring-stand, the chloride of calcium tube if the bulbs were 

or any other suitable prop. pi-operly filled in the first place, and arc now 

In order to determine whether the fittings set level It may here be said, that during 

of the apparatus are air-tight, hold a tolerably the combustion it is well enough to place a 

large piece of glowing charcoal near the lara- cork, or a piece of wood as thidt as a man's 

est potash bulb, so that the air within, the bulb finger, beneath that end of Che potash bulbs 

may be expanded, and in part driven out of (Liebig's bulbs) which is farthest from the 

the apparatus. After a certain amount of air large bulb, so that the liquid shall tend to 

has been expelled in tlus waj take away tlie flow into the large bulb. But as soon as gas 

coal. Note tjge heijht to whi<.h the potash bubbles cease to come forward, this prop 

solution rises in the laige bulb to replace the must be removed, and tlie bulbs brought to a 

lost air, and observe whether the liquid re- level position. -»■ At the moment when the 

mains at this height for the space of three or lai^e bulb has become about half full of the 

four minutes. It the apparatus be tight, the potash lye, crush the end of the upturned 

liquid will remain at the highest level to which point of the combustion tube with a pair of 

it rose as the bulb cooled, hence, if it gi'ad- stout pincers, and push over the stump a dry 

ually recedes from the large bulb, and comes glass tube about 60 c. m. long, and open at 

to a common level In both limbs of the appara- both ends. Support this tube in an upiight 

tus, either one of the corks or connectors must position by means of a ring-stand. Attach a 

be leaky, or the apparatus somewhere cracked, long caoutchouc tube to the supplementary 

The weight of the empty weighing tube may soda-lime tube beyond the potash bulbs, bring 

be conveniently taken wHle the tightness of the potash bulbs to their or^nal oblique [wsi- 

the tube is being tested. tion, and with the mouth, or better with a 

Heating the lube.. After the apparatus has small aspirator, suck air through the combus- 

been proved to be tJght, heat carefully two or tion tube until the bubbles which pass through 

three inches of tiie anterior portion of the the potash bulbs cease to diminish m size. An 

combustion tube until it is red hot, then slowly aspirator has an advantage in that it affords 

work backward! inch by inch, taking care tti ocidor evidence of the volume of air which is 

bring each section of the tube to redness be- drawn through the apparatus, 

fore proceeding to boat the next section. If Take the apparattia to pieces, stop the ends 

charcoal be used as tlie fuel, the uuheated por- of the chloride of calcium tubes and of tint 

tion of the tube must be protected from the potash bulbs with rubber connectors pluggvil 

radiant heat of the fire by means of a sheet' with glass, set the larger chloi'ide of calcium 

iron screen, which maybemoved backwards at tube m a vertical position, witli its bulb iqi- 

wili with a pair of tongs or pincers. ward, and leave the several pieces in the room 

When heat la first Applied to the tube, some of constant temperature for half an hour itc- 

bubbles of air will be driven through the pot- fore weighing. The increased weight of the 

ash bulbs liy virtue of simple expansion; atter- lai^er chloride of calcium tube gives the 



aches thut porlidii nf aiiiount of water priKluced in the comli; 



side of cupper which was usucl to rinse and from Ibis weight tliat of the ujdi-ogf'ii 
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the substance analyzed is obtiuned hy the fol- be left uneonsumed with the maas of reduced 

lowing proportion: — copper. Rap the tube gently against the ta- 

Moiacuiar»i. wi of on xni ,^ >^ I wtof Hin, ble to clear a passBge for the gases which are 

ofHtO : «tom^otK:L"'^«„-"«':3T(- "S™""' to be evolved, and finally fill the anterior half 

The increased weight of the potash balbs of the tube with anall lumps of hapd_ oxide of 

and supplemcntavy soda lime tute gives die ^«PP«''' "''J'}^, ''"m' t'«^"™S8 wluch have 

wdght of the carbonic acid, whence tie weight Y^l superficially oxidized, so that tiere maj- 

of carbon is deriyed by the proportion:— ™ "^^ passage for gases and vapors, although 

little or no visible channel is leti open aboTO 

M,teuigr«..wdgi,iof„_„^^Pp^_^,^ Wf.teh.of. tbemass. — After the chloride of calcium 

** ^* \ aa smpia.' tube, potash bulbs, etc., have been attached to 

In practised hands, this comparatdvely old the combustion tube, place a screen at the 

process gives excellent results. It is, however, middle of the tube and heat the anterior col- 

fitr less convenient and trustworthy than the umn of oxide of copper to redness. Heat the 

process of combustion with oxide of copper in upturned, posterior point of the tube so that 

a current of oxygen gas' (see below. Method no vapor shall condense in it, and place a hot 

2), and is theretbre seldom employed. ^ lu coal, or an exceedingly small flame, near that 

operating with easily combustible substances part of the tube which contains one of the 

(and the process is really only suitable for the bulbs. The contents of the bulb should be 



analysis of such), it is easy to determine in driven out lery slowly, and the whole oper 

this way the proportion of carbon with great tion conducted with extreme care. It is an 

accaracy, but as regards hydrogen, the results easy matter to lose an analj-sis by distilling the 

obtMned are usually about 0.1 or 0.15 per cent substance rapidly, so that considerable quanti- 

higher than the truth. This excess of hydro- ties of partially burned material can escape 

een comes in part ftiJin moisture absorbed by through the potash bulbs. ^ After the con- 

: oxide of copper, but mainly from the tents of the first weighed bulb have been 

listure of the air, which is drawn through driven out and consumed, that part of the tube 

the apparatus at the close of the combustion which contains the second bulb may be heated, 

to remove the carbonic acid. The error can The combustion tube is finally heated from 

be corrected in good part by attaching, with a end to end, and the analysis finished in the 

perforated cork or rubber connector, a tube usual way. — In the case of liquids which 

full of solid hydrate of potassium to the poste- are but slightly volatile, it is well to empty the 

rior point of the combustion tube, — in place of bulbs before the combustion begins, instead of 

the upright open tube above described, — before heating them, as above described. To this 

beginning to suck air through the tube. end attach the filled combustion tube to an 

yolaiiie substances, and those liable to lose air pump, and give a single slow stroke with 

vxiler, or to undergo olher alteration at 100°, the pump handle. The bubbles of air within 

may be analyzed in this way, though less read- the weighing baibs will expand, and the liquid 

ily than by Method 2, by mudng them with be forced out to be absorbed by the oxide of 

cold oxide of copper, in tlie manner proposed copper. Bodies rich in carbon should never 

by Bunsen, see ahove, p, Gl. be analyzed in this way; a supply of oxygen 

Volatile liquids, such as alcohol, ether, essen- gas is needed in order that their carbon may 

tial oils, and the lite, had better be analyzed be completely consumed. See Methods 2 and fi. 
by Method 2 or 6 . In case they are analyzed Nonvolatile Liquids are analyzed by Methods 

by Method 1, the combustion tube should 2, 3, 6 and 6. 

be 50 or 60 c. m. long, the oxide of copper Nilrogenous Compounds. When substances 
should be cooled in a flask (p. 61), and the containing nltrc^en are ignited with oxide of 
liquid weighed in two or three small bulbs copper, most of the nitrogen goes forward in 
similar to those described uflder Method 2 the gaseous form, together wifli the carbonic 
only smaller. ^ Pour a layer of the cold acid and water, and escapes into the air as 
oxide of copper, 6 c. m. deep, into the com- free nitrogen. A small quantity of the nitro- 
bustion tube, scratch the stem of one of the gen, however, is converted into nitric oxide, 
bulbs with a file or steel glass-knife, break and the latter, on coming in contact with the 
off the point quickly with the thumb and potash lye, is partially decomposed to nitrous 
finger, and drop both bulb and point into acid, which combines with tlie potash. A 
the combustion t^be. Pour another layer of partof the nitric oxide changes into liyponitric 
oxide of copper, 6 or 8 c. ra. deep, into the acid also, by coming in contact with the air in 
tube to cover the bulb, dirow in tke second the apparatus, and the acid thus formed is sb- 
bulb in the same way as the first, and add an- sorbed, as well as the carbonic acid, m the 
other layer of oxide of copper. If the sub potash bulbs Though the amount of tutrous 
stance to be analyzed contains a large propor- and mtnc acids diua generated is never very 
tion of carbon, and is rather difficult^ volatile, large, there is still enough fonned m many 
the quantity (about 0.4 grm.l taken fol amij cay.s espctialh in the lombuation of snii- 
sis. hud bett«L- be weighed in three tliiin m two stancesiicli lo ow-lii to vitiate the detc-iin- 
bulbs, in order tJiat no particles of caibon uni uiitwuol uIlu lilt diliitulli iiibi jb- 
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■viat«d in some cases by mi\.iag the substance bulbs. (Liebig & Wteliler). But according to 

ven ntj J itil\ nitb th rtid« of fopper, and Oariiis (Annal. C/wm. vnd Phann., 116, 2R_), 

ci)i 1 II *ery slowly. But al! the sulphurous ncid cannot ba retained in 

a=i I ■! of nitrogen muflt tliia way when the substanpe analyzed contains 

bs 1 1; them in contact a larp;o propoition of sulphur, and on Oie 

■nitli I ! 1'*^ 'SiK^ metal ifl other hand, Bunsen has shown (Lat biuoxide 

ustd eitlii-i n tlic i nm ot turnings, or of rolls of lead is capnble of absorbing no inoonsider- 

or spirals, made of wire or of strips of sheet able quanti^ of carbonic acid. Carius urges 

copper. Tlie rolls or spirals maybe 8 or 10 that sulphur compounds had better be homed 

cm. long, and just thick enough to be ad- with cliromate of lead. (See Metliod 8J. Soo 

mitted to the combustion tube. If turnings also Sulphur. 

are used, they may be compresaed to a ejdin- Chlanne, Bromine and Iodine Compounds. 
dvical form, b^ forcing them while hot into a "When organic anhstanees containing chlorine, 
short tube, a little narrower than tliat in wiiich bromine or iodine are burned with oxide of 
the combustion is to be made. According to copper, eubchloiide, (bromide or iodide) of 
Schroctterand Lautemann (Jotir.jJrafa. CSem., copper is formed, some of wliieh is liable 
77. 81G), die copper rolls or turnings cannot to condense in the chlwide of calcium tube 
be replaced by the metallic powder obtained and vitiate the determination of the hydroj^u. 
by reducing oiide of copper with hydrc^n, Hunco the compounds in qnestion are usually 
since ite powder obstinately retains hj'drogen, burned not ivithoiideof copper, but with chro- 
which, by reacting upon carbonic acid in the mate of lead (Method 8). Cfompare Method 3 
process of the combustion, causSiS an appre- In Analydng Compound) wktck cont< n Ii 
ciablequantity of carbon to be lost as carbonic organic Consliiuents, bther than tho"e xllowel 
oxide. — Tlie rolls or pings of copper are for in the preceding paragraphs, the prupoitmn 
first heated to redness in the air in a Hessian, of inorganic matter must be determined in a 
crucible, until the surface of the metal is oxi- special portion of tiie materiaL The anal) sia 
dized, aud the last trace of dust and oil has of such compounds presents no particular difli 
been burned of!'; they are then heated in a culty unless a Tolaljle met^like meiturj oi a 
tube in a stream, of hydri^en, until the oside metal capable of retaining more or less cai homo 
has all been reduced. Since recently reduced acid, — such as potassium, sodium cilcium 
copper retains hydrogen gas, and on exposure strontium or barium, be present. In tl i. com 
to the air absorbs aqueous vapor, it should buation of substances which contain mtiLurj 
always be heated to lUO" in the air for some a layer of copper turnings (see Sitrogcnous 
time before it is used, and should be as nearly substances, above) may be placed in the ante- 
as possible at this temperature when intro- rior part of the combustion tube in order to 
duced into the combustion tube. — The retain tlie metal within the tube. Care must 
combustion tube, which should be 13 or 15 be taken not to heat this copper too sti'ongly. 
c. m. longer than if it were to be employed for If the substance to be analyzed contains 
analyzing a body free from nitri^en, is Slled metals capable of retuning carbonic acid, a 
in the usual way, with this exception, that quantity of some substance capable of decom- 
enoogh metallic copper ia placed at tlio ante- posing tie carbonates in question at high tem- 
rior end, to form a column 10 or 12c. ra. long, perature may be added to the oxide of copper 
As soon as the tube is laid in the fiimace, tiie with which the substance is mixed ; cither 
metallic copper is heated to bright redness be- tei-oxide of antimony, phosphate of copper or 
fore proceeding to the ordinary steps of the boracic acid, will answer the purpose. See 
analysis. Hot copper decomposes all the oxides also Method 9, and the remarks on same sub- 
of nitrogen, fixing the oxygen while nitrogen Jett under Method 2. 
goes free; but since this action occurs only 

when the metal is intensely ignited, care must Method S. Comhislion wilk oxide of copper, 

be taken to keep the metal hot throughout the in oonjimdion wtlh oxygen gas forced from a 

entire combustion. Compare the heading, ■ gas-holder. 

Nitrogenous Compounds, under Method 2. In this process the substance to be analyzed, 

Sti^liur Compounds. Li determining the or at leist the volatile products given off from 

carbon of compounds which contain sulphur it by dtstiUition, is heated m contai t ivitli <i"£- 

as well as carbon, hydrc^n, oxygon or nitro- ide of copper m the iilid« of i slow cuntnt ot 

gen, it has hitherto been customary to proceed, otigon gas which is made to flow ii 

aa above described, as if nothing but carbun, ally ujhjo tin - - ' - '■ - --'-■■ 

hydrogen and oxygen (or nitrogen) were pres- methrid 1 i i 

ent, but to place &tween the chloride of eal- of ddfi i I 

cium tube and the potash bulbs a narrow tube, eril b\i\ 
10 or 12 c. m. long, filled with dry binoxide of and liji i i 

lead, in order to absorb tbe sulphurous acid imU h< i m 

formed by the oxidation of thy sulphur, which i( 1 1 nl ■in dj 

would otherwise be absorbed in the potash and in cT-i^ 
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verize tho substance to be analyzed it cannot of calcium. In order that a single set of the 
bo intimately mixed with oxide of topper or tubes may serve for both gas-holders without 
any other solid oxidizing agent. inconreiiience, a supplementary flasli may be 
Besides the apparatus described under Method attached to the set, as follows: — Fit to a small, 
1, the process now in question requii^a acouple wide mouthed flask a caoutchouc stopper, with 
of gas-holders and a permanent set of drymg tlu-ee perforations. Provide three glass tubes 
tubes. For a simple and inexpensive form of suited to the stopper and each bent at a right 
gas-holder, see Eliot & Storer's Iklanual of In- angle. One of the tubes is a simple abduction 
organic Chemistry, Appendix § 11, Fig. xvii. tube only long enough to pass through the stop- 
Provide a straight combustion tube open at per, while the other two must be long enough 
both ends, about 60 c. m. long, and of any to reach almost to the bottom of the nask. Fdl 
width to which corks can be conveniently the flask one-third full of strong potash lye, 
fitted. Fit sound corks to both, ends of the place it between the gas-holders and the sul- 
tube. Perforate the corks so that one of them phurio acid bulbs and attach it to the latter by 
may fit the weighed chloride of calcium tube, means of a rubber connector, tied to the short 
and the other a short, straight tube of diameter abduction tube. To the other end of each of 

S roper to be connected with the permanent the longer tubes tie a piece of thick caoutchouc 

rying tubes; then dry the corks at 100°. tubing about 3 inches long, close each of these 

Place a tolerable compact plug of clean cop- rubber connectors with a spring clip, and by 

per turnings or a loose plug of asbestos ^pre- means of giasa tubes attach one of them to the 

viously ignitod in a current of moisC air in opening of thegas-holder which contains air and 

onler to remove fluorine) in the combustion the other to the oxygen-holder. By opening one 

tube at a distance of 4 or 5 c. m. from its or the other of the clips, air or oxygen may be 

antorior end, pour enough oxide of copper made to flow into the combustion tube at ivill, 

into the tube to fill two-thirds of it, and push and by renewing &om time to time the potash 

down upon the oxide of copper another louse lye and the sulphuric acid in the flask and 

plug of asbestos to keep the column in place, bulbs the efiiciency of the apparatus may be 

A space about 20 c- m. long should be left open kept up for a long time. (Pina, Kopp §■ lrffl'» 

at the posterior end of the tube. The oxide of Ja/ire^erichi, 1857, p. 573). 

copper had better be in the form of coarse As soon as the combustion tube has been 

granules free from dust; it need not bo dried laid in the furnace, start a slow current of air 

or ignited before bein^ placed in the tube, through the tube and heat it throughout its en- 

Or, instead of mere oxide of copper, the tube tire length, at first very gently hut afterwards 

may be charged with a mixture of asbestos to low redness, in order to dry the oxide of 

and fine oxide of copper. When mixed with copper. During this preliminary ignition leave 

asbestos, the oxide of copper in the tube will the antorior end of the tube open, but as soon 

be light as well as porous, and the tube will as the tube has been thoroughly heated close it 

better preserve its sh^pe when heatod. with a dry cork carry ing an unweij,ht,d thk 1 1 le 

Lay the tube in a shallow trough or gutter of calcium tube, extm^jUiBh tho fin and with 

of sheet iron, apon a thin layer of calcined out interrupting the slow current ot au alitw 

magnesia or of asbestos, and place the gutter the tube to cool, 

and tube in the combustion fiirnace. Weigh out the substance to be analyzed in 

Unless the glass of the combustion tube is of a small boat of ])litinuni, cojiper poiielain or 

the most refractory character the tube had glass, inclosed in a glass weighing tube wl ich 

bettor be coatod with clay or with asbestos, and has been weighed together with tlie bo it I«.fure 

then covered with copper foil bound round with the introduction of Uie substante Push the 

copper or iron wire, before It is placed in the loaded boat into the posteiioi end of the com 

furnace. The furnace may be heated with al- bustiou tube until it almost touches the asbtstos 

cohol or with charcoal, in default of gas. P'ugi replace the cork at the end of the com- 

The posterior end of the combustion tube is bustion tube and fisr the time being shut oif 

in the next place connected with the Perins ' — . . .- . -•■ .... 
neat dryiag (or ralher, cleaning) lubes. 

These tubes, which serve to purify air an 
oxygen lor the analy'sis, stand between th 

coniDustion tube and the gas-holders which general rule, though less ot the Bntetaiire will 

supply air and oxygen; they may consist of a be needed in proportion, is it contains moie 

set of lat^ potash bulliB filled with oil of vit- carbon; 0.2 ot a grm of mitorial is sutfitient 

riol, a large U-Cube full of soda-hmc, and an- for the analysis of m'Uiy hjdroc-ubuns 

other U-tube filled with chloride of calcium. After the boat has burn mtroluctd remove 

The sulphuric aciil bulhs are attached to the the unweighod ehioii le of cakium tul>e fiom 

gas-holder, while the chloride of calcium tube tiie anterior end of the cotnhustion tube re 

IS connectod with the posterior end of the com- place it with the nti^hel chloiide of caluium 

bustion tube. Wlicre maiiy analyses are to l« tube and attach to tlte Htter th wci^hel pjt 

made, it is well to have two or tliree soda-lime ash bulbs and the si la lime tube as dLoinbe i 

tubes and as many niui-e charged with chloiide under Method 1 (see p hi) 
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In order to di^termiriH ivtether the 1ppar^f iis 
h ti};llt, open the eouk ol the o^if,en gi^ 
holder sliglitly so that a very sloiv tunent ul 
the gas ui^y pass through the tube, ind afEii 
a moment suddenly close it agam Thenwat<h 
the level of the liq^uid in the potash bulbs ll 
the liquid docs not siuk ba(.k Irom the outer 
moat bulb in the course ot a few minutes the 
apparatus its tight enough for use In applying 
this test the tube must of coui Ee be as (.old a'4 
the surrounding air, ^ Flace a sheet iron 
ECTeen across the end of the tube to protect 
the eork from the fire and proceed to heat tin 
oxide of copper in the tube with the excr ]jt» n 
of a couple of inches next tlie substin r 

hot start a slow current of oxjgen tlu i 
tube. Then slowly heat the rest ol il 
of copper, aud finally the sub^tinti, il Ji 1 
estreme care. The subatanee must nLitlici bL 
hcatd too quickly nor the stream ol oxjgcn 
made too strong. It is to bt, lememhered how 
ever, that au amply supply of oxj ften will be most 
needed at the moment wlitn the sub=tince is 
distilling most rapidly. Then is no hiim m 
using so nuicb oxygen that an excels ol it ehdl 
slowly bubble thi^ouffh the potTh bulbiiroui hi st 
In order that the LUirent ot o\igen 



the tub" a^fnlloiii — TliointPii- 



iiihtcd 



th 



. J^, 



k i tl 
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3u- arc dried in a current of air m the usudi 
nB} but in making the combustion tht po-.te- 
ui ]i.iitiinui lilt tube l^ hi .ad to jLdnt^, 



I Lit jjlatiiif, the Bubi-taijie to bt ana 

i bolt, ai above de=Lnbed, it m ij be 

I 1 Ltlj with a patt of the oxuli ut top 

, 1 11 iLumbe lo 111 Mill ". _li Hi. -ub- 

611 and pour It uj n I il the 

comma ot oxide ol i i i mi the 

lattei hasheLndiii I i i i i I in the 

u^utI way and allo«ed t i Ik i mm. i ilil Mix 
the substance nith the oiideol toppci biincins 
ot a twisted iron wire, such as ln~ been de- 
sciibed on p 61, aud thtn fill tlie tubt to 
within about 12 c in ol its cmi with coiise 
oxide ot copper, which has piciiously been 
ignited, anil cooled in a coiked dt=k (nee 
I n, Tl] tlu ll , iiitli 1^111, t ilu tible 



cium tube, putiai bulb > 
slow cuirtnt ot oti^m thio 
pioCLcd to lieit hi-t tlie ■ 



L' 



\ttei 

t d 1 Ij ih p ol uut 1 the icdui,cd cjiidc ot cujj[ ci his been 

Ijtphanth bthagd la completely revnified, and finallj throw in a 

n w q ant tj f b t to th tube d to current ot air to sweep out the excess of oxy- 

h n th t f w :gh d hi 1 i 1- gen As a general rule, however, it wdl be 

um t be^ t to th t nd f the found moie convenient and satisfactory to 

t h make uae ot a boat instead c>f mixing tlie sub- 

T gu rd t th. p b hty f th b- st mee w th oxide of copper. When boats are 

cape ot any of the products ol distillatioft back- employed, the same combustion tube may not 

wards to the cork and drying tubes, Kria, only be used over and over again for many 

{Kopp ^ Wilt's Jahresbcricht, IB.")?, p. 673) in- analyses, but needs absolutely no preparation 

tia'poses hot oxide of copper isetween the sub- after one analysis, to fit it for the next. 

stance to be analyzed and the posteri 






Liquid Si^artcet. ^ In case the substance to 
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be analyzed ia liquid, but not readily volatile, the liquid will rise into thebulband fill it more 

Euth, for example, as a fatty oil, it maj- be completely than before. With less volatile 

placed in the eumbustion tube in a boat, as liquids, only a small quantity of the fluid will 

described. Wax, and otlier easily fiisible mat- enter tiie bulb at first, but it is easy to fill the 

tcrs, may be malted aJid allowed to uool in the bulb completely by heating the liquid which 

boat belbre weighing. The eombustion tube first enters until part of it is converted into 

had hett^jr bo rather" lon^, and provided with vapor, aud again thrusting the stem into the 

a .posterior eoluinn of oxide of copper (comj liquid. To throw out any excess of liquid 

pare Piria, above). When the oxide ol cop- which may remain in the stem, suddenly jerfc 

per has been heated to redness at both ends of the bulb; then hold the point of tlie stem in a 

the tube, place a piece of red hot charcoal fine blowpipe jet until the class fuses, mid the 

near the boat, so tliat Che substance mav be bulb is closed. Wei<ih each of the bulbs with 

slowly dbtilled. Increase or dim'nish the heat its contents. Each bulb should contain from 

at the boat, and at the saiue time regulate the 0.3 to 0.4 grm. — enough for a single analysis, 

streaitt of oxjsea insuch manner that the eop- The duplicate bulb will replace the first in 

par reduced by the products of distillation ease of accident. 

may be oxidized as fast as it is formed. At After the combustion tube has been dried, 

the close of the combustion take cai-e to burn cooled, connected with the weighed chloride of 

off all the carbon from the boaL calcium tube, potash bulbs v etc., and proved 

In analyzing substances, such as some of the to be tight, take out tte posterior cork of the 
heavier components of petroleum, which vola- combustion tube an<i mate a slight scratch 
tize only at temperatures so high that their upon the stem of one of the bulbs full of sub- 
vapor would ^nite as soon as fbruied, and stance, by means of a sharp file, or a knife of 
explode in the atmosphere of oxygen which hard steel, propf:r for scratohing glass. This 
fills the tube, a cap or cover of asbestos fibres, file-mark should be near the point of the stem, 
roughly n^oveu, attached to a stiff wire, may Place the stem of the bulb wit&ntlie combustion 
be placed over the boat after it has been tube, and press its point firmly agpnst the side 
pushed into the tube. The asbestos cloth acts of the tube until itbreaksatthefile mark. The 
as a safety screen to pi-event explosions, like moment the stem breais, drop the bulb, point 
the wire gauze of Davy's lamp. (Pe^ham). downwards, into the tube, replace the cork, piit 

Vola/ile Liquids. For the analysis of liquids a screen in front of the substance, 9 or 10 c. m. 
which volatiliae at comparatively low temper- from the bend in the tube, heat the anterior 
atures, select a stick of combustion tubing SO column of oxide of copper, and start a slow 
or SO e. m. long, and bend it slightly, at a dis- current of oxygen through the tube. When 
tanoe of about 12 c. m. irom one end, so that the copper has become hot remove the screen, 
the posterior end of the tube may point up- or set it backwards towards the substance, 
waroe, and the lower edge of the extremity of accorduigiy as tiie latter is more or less vola- 
ihe tube reach to a height of S or 9 e m. tile, and finally heat the substance itself cave- 
above the level of the Sieet-iron tiou^ m fully with a hot coal, or better, with a thick 
which the horizontal part of the tube leposes rod of copper. The copper bar may be laid 
Pack the horizontal jwrtion of the tube either acioss tlie ring of a lamp stand, in such man- 
with a mixture of oxide of copper aaid asbts- ner that while one end of the bar can be 
toB, or with coarse oxide of copper, secuied brought close to the combustion tube, above 
with asbestos plugs, and dry the tube in the the substance to be analyzed, the other end 
fimiace with a cun-ent of air, in the usual waj can be heated to redness by moans of a Bun- 

In order to introduce fie sulatance into the sen's lamp. By moving the lamp-stand to 
tube^ blow a couple of light weighing bulbs, and fro, so that more or less of the liot cop- 
about a centimetre in diameter (not too large per is brought near the bulb, the distillation of 
to slip readily into the eombustion tubel, with the substance may, in most instances, be easily 
capillary stews 6 or 6 c. jn. long. ^Veigh the controlled. (Warren). 

empty bulbs one at a time, and place them Great care must always be exercised in heat' 

in paper trays bearing descriptive marks or ing the bulb in order that its contents may not 

numbers. Pour some of the liquid to be ana- distil too rapidly. Unless due attention be 

lyzed into a poi'cel^n crucible or small dish — p^ to this particular the combustion of the 

kept cool with ice, if need be-^warm each substance is liable to be incomplete, and gaseoua 

bulb in succession at a lamp, and as soon as carbon compounds will pass off uuabsorbed 

the glass is hot thrust its stem into the liquid through the potash bulbs. Sudden heating, of 

in the dish. As the glass cools, the hquld will the substance would, in many cases, occasion a 

rise up into the bulb and fill it more or less rush of gas strong enough to throw some of 

completely. In case the hquid is highly vola- the potash lye out of its bulbs, and to project 

tile, a portion of that which first enters the vapors backwards into the permanent drying 

partially cooled bulb will be converted into tubes, — In order to avoid explosions, it is 

vapor, so that, for the moment, the rest of the essential that the empty, inclined portion of the 

liquid will be driven out; but as soon as the combustion tube sliail never be heated to a 

vapor in the bulb condenses, a new portion of temperature high enough to ignite the vapor of 
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the substance, until after tlie Inst portions of 
this vapor have been swept forward by the cur- 
rent of oxygen. Throughout the analysis the 
sapply of oxj'gen gas must be suffiuient to re- 
ojtiaize the copper almost or quite as fiiat as it 
is reduced. 

To prevent any portion of the vapor of the 
substance from being lost at the posterior end 
of tJie tube, it is well to admit the oxygen 
through a special tube of hard glass loosely 
packed with asbestos and kept hot during the 
combustion by means of a Bunsen's himp. 
This tube is placed between tlie combustion 
tube and the permanent drying apparatus and 
is attached t» lie latter by means of a per- 
forated cork; at the sjiterior end, which enters 
the combustion tube, it is drawn out to a short, 
blunt point, having an opening no larger than 
will admit a, small needle. The oxygen is thus 
made to enter the combustion tube in a rapiil 
stream, against which little or no vapor can 
pass back. The hot oxygen, moreover, pre- 
vents the condensation of any vapor near or 
upon the cork. AVarren). 

Hygroxcopic Saoslances. Compounds which 
absorb water bo rapidly from the air that they 
cannot be readily dried and weighed in the or- 
dinary way may be dried in l£e combustion 
tube, as follows; — Pack the combustion tube 
with oxide of copper, as above described, 
lay the tube in the furnace upon a sheet- 
iron gutter so short that it does not 
reach behind the column of oside of copper, 
dry the tube and oxide in the usual way and 
attach to it the weighed chloride of calcium 
tube. Weigh out the lur-dried substance in 
a boat and push the boat into the combus- 
tion tube as far as the oxide of copper. Heat 
the empty, posterior part of the tube, at a dis- 
tance of 3 or 4 inches from tlie boat, and pass 
a slow current of dry air through the tube. At 
the same time beat the column o£ oxide of cop- 
per gently so that no water can be deposited in 
tie atiterioT part of the tube. Keep up the 
stream of hot air as long as y w 
to he deposited in the neck f th hi d f 
calcium tube, then allow th 1 t t b 

to cool, without checking th t f ir 

and re-weigh the chloride 1 1 m t b 
Subtract the weight of the w te th f d 
from the weight of the suhsta ak I 

to obtain the weight of really 1 y t nai to 
be analyzed. Eeplace the chl U f al m 
tube, attach the potash bulbs d th sod hm 
tube and proceed with the a I) 

In a similar way, the wate t y t Ih 
of many substances may be d te 1 — 1 

this end suspend a sheet of pp t 1 beuea 
the combustion tube, betw h b t. 

and the source of heat, pla h b lb f 
thermometer above the foil nd li^h he fu I 
beneath the foil; heat the tube to he *mpe 
ture necessary to expel the wa e fr n the b- 
stauce. In case the substan e to be Ined s 
liable to decomposition, the weighed chloride of 



ilcium tube should he connected -n 
eighed potash bulbs. By i 



ith a set of 

latter after the snhstance baa been dried, it is 
easy to determine whether any carbonic acid 
has been produced. (W. Stein, Joum. prakt. 
Chem.. 100. Ob). 

NUtogenoiLi Compounds, In case the sub- 
stance to be analyzed contains niti-ogen, choose 
a combustion tube about 80 c. m. long, pack it 
at the anterior end with clean copper turnings 
to a depth of 16 or 18 c. m. (Compare the 
heading Nitr<Menous Compounds under Metliod 
1), fill in with oxide of copper in the usnal 
way and proceed with the analysis. Talte 
care to regulate the streams of air and oxygen 
so that the anterior half at least of the column 
of copper turnings shall not be oxidized either 
in the process ot drying or during the actual 
combustion. Tlie stream of oxygen must be 
very alow, "When the combuetion of the sub- 
stance is complete and it is seen that the cop- 
per turnings are rapidly oxidizing, shut oft' the 
oxygen and let the tube cool in a slow current 
of air. 

According (o Stein & Calherla {Jovm. prakl. 
Chem., 104. 232) silver turnings may be used 
with advantage, instead of copper, forreilucing 
oxides of nitrogen, — as melt as for retaining 
chlorine, as described below. Eed-hot silver 
decomposis nitric oxide completely but has no 
action upon carbonic acid. 

Sidpliur Compounds. See this heading 
under Method 4. 

Chlorine, Brondne and I d Comp ds 
When clilorine, bromine or d P** ^ 

are burned with oxide of c pp J 

with oxygen gas, there is t ly d f 

some diculorfue (bromide o od d ) f pp 
being carried forward into th 1 1 d i 1 
cium tube, as has been 1 dy pi d 
(Method 1 , p. 64) , but som f th 111 1 
is always decomposed by th S S * 

oxide of copper and free hi If 

the chlorine thus evolved t- d th 

hi de of calcium tube d p t f t b 
so bed by the potash Ive, Th gh th 
f this source is usuallvsm 11 tm t Iw ) 
b fully guarded agam-t bj placin^ a col 

m t metallic copper in the front part of the 
t be (see Nitrc^enous compounds, above) and 
k p ng the metal red hot throughout the com- 
b t . At the close of the analysis the cur- 
^ t f oxygen should be arrested as soon as 
di pper begins to oxidize lest the chloride 
f pper which has termed upon it be again 
t mposed, (Staedeler, Anitalen Chcm. «iid 
I! .,69.334). 

A ording to Kraut (Zeitsck. analyt. Chcm., 
186J 2. 242) it is best to push hack the col- 
m f metallic copper abont 6 inches fi'oin 
the mouth of tlie tube, and to place a roll of 
silver foil in front of the copper. If this be 
done the stream of oxygen may he kept u]) as 
long as may seem fit, at the close of the o]jerft- 
tJon, without any risk of chlorine being carried 
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forward into the potash bulha. The silver is may he decomposed at once. A tumultuous 
of use also, inasinucii as, unlike the copper, it current of oxygen would be lia le to throw 
prevents any dichloride (bromide or iodide^ some of the potash lye out of the bulbs, and 
of copper from passing info the chloride of cai- ruin the analj'sis. After all the reduced coppur 
cium tube. The sam:e roll of silver may be has been oxidiTed, the oxygen set free from the 
Ufled over and over again in many analyses, chlorate will of course Hweep forward tlie car- 
Only after repeated use will it be necessary to bonic acid which was contained in die tube. 
Suite it in a stream of hydrogen. In the an- and will fill the potash bulbs and chloride of 
ysis of iodine compounds the column of eop- calcium and soda-lime tubes. To remove this 
per turnings mair be dispensed with alt<^ther oxygen, connect the bulbs and tubes with an 
and the eifver foil employed by itself. aBi>irator, alter disconnecting them from the 

KeltuM places several pieces of fused chro- combustion tube, and dram through them a 

mate of lead in the front part of the combus- quantity of air free from moisture and car- 
cid, betbre placing them in the room of 
t temperature to be weighed. 
. 215) recommends that the oxide of Instead of placing chlorate of potassium in 

copper be mixed with one-fifth its weight of the combustion tube, Laurent {Antuiles de 

oxide of lead. Compare Method 4. Chim. el Phys., (S.) 19. 8S0 ; Gerhardfs Traill 

SiAslancesuihick contain Fixed Inorganic Con- de Chim. Organ., laris, 1853, 1. 35) proceeds 

af ifuents may usually be analyzed more readily by as follows: — After having dried the combustion 

the process now in question than by Method 1 tube and thrown a small quantity of warm, 

(see p. S4), for the ash which remains in the coarse oxide of copper into its posterior end, 

boat after the completion of the combustion introduce the substance to be analyzed, mix 

can in most cases be weighed. In the analysis it roughly with a small quantity of warm oxide 

of compounds containing K, Na, Ca, Sr, or of copper, and Gil the tube with oxide of cop- 

Ba the amonnt of carbonic acid retained by the per, taken directly from tho crucible in which 

ashes in the boat can sometimes be ascertained it has been ignited, and still as hot as 200° or 

by simple calculation and added to the quan- 250°. Place the tube in the oonibustion fur- 

tity found in the potash bulbs. In case the nace, and by meana of a bent glass tube and 

composition of the ashes cannot be inferred rubber connector attach tlie cksud upturned 

a priori, the amount of carbonic acid con- point of the tube with a U-tube, one arm of 

tiuned in thorn had better be determined by which is filled with chloride of calcium, and tlie 

fusing the residue with borax glass (see under other with fragments of caustic potash. That 

Carbonic Acid). arm of tho U-tubo which b fartliest from the 
combustion tube contains the potash, and is 

Method S. Combustion with Oxide of Cop- provided with a cork pierced with two holes. 

per, in conjunction teiib Oxygen gas obtained hy One of the holes carries a tube bent at an 

healiiig Chlorate or Perchlorale of Potassium, angle somewhat liiss than a right anole, and 

at or within the camlmxtion tube. the other carries a straight, upright tube, " 

The operation of fiUing the combustion tube drawn to a fine point and closed at its upper 

is similar to (hat described under Method 1, extremity. The outer end of the bent tube 

with the exception that the column of oxide of is attached, hy means of a perforated cork, to 

copper at the posterior end of the tube is made the mouth of an ignition tube of hard glass, 

about 6 c. m. long, instead of 8 or 4, and is 30 or 40 c. m. long, and charged with 3 or i 

mixed, by shaking, with 3 or 4 grms. of fused grammes of fused chlorate of potassium. The 

chlorate of potassium, in the form of coarse ignition tube rests upon a wire grate in such 

powder. The fused chlorate should be still manner that the cMoi-ate can be heated hy 

warm when thrown into the tube. A layer of placing bits of hot charcoal around the tube, 

oxide of copper about 2 c. ta. thick should be Detach the rubber connector from the posterior 

placed above the chlorate mixture to sepa- point of the combustion tube, and proceed to 

rate it from that which contains the substance heat the latter in the usual way. ^ After 

to be analyzed. ^ After the anterior col- the combustion in the tube has been pushed lo 

tunn of oxide oi copper and the mixture of such an extent that little or no more earhonie 

oxide of copper and substiuice to be analyzed acid goes forward, suck a small quantity of mr 

have been heated, as in Method 1, the mixture from tho open end of the soda-lime tube, in 

of chlorate of potassium and oxide of copper order to establish a partial vacuum within the 

is slowly heated, so that the combustion tube combustion tube, and crush the endof the up- 

may be filled with oxygen gas. Any particles turned joint of the combustion tube with a 

of carbon wliich (he oxide of copper has failed pair of pincers. Slip on the rubber tube which 

to consume, will now be completely oxidized, conneclB the apparatus witii the U-tube and the 

as well as the metallic copper which has been tube charged with chlorate of potassium, and 

reduced in the previous steps of the analysis, place live coals about the latter so that oxygen 

The mixtureofcUorate of potassium and oxide may lie slowly evolved from it. The tube must 

of copper must be heated nith extreme care in be heated very slowly, and care must be taken 

order that no great quantity of tiie chlorate that the upper part of the tube is kept hot 



,, Google 



enough to prevent the solid ific it ion there of chl nne bm 1 1 1 i 1 1 1 r 

the melted chlorate \1 hen the o\igpn tei't' n i 

to be absorbed by the redutel copper and ht I 

gins to pasa rapidh through the potish bulbs ^I 

break oiF the point of t£e upn^ht tube at 

tathed to the U-tube and diaw iir thi"oii„h 

the hitter and the rest of the apparatus until I 1 ii 1 tl it 1 1 =] I 

tt h le of tha oxj 'en has been exptUed o\.i hyinr afcent inotead of o: 

S hi ■at f p m deeompo-es with the i on tube is well nifth 

rt degr t 1 ce Bunsen lecoia apparitiis onee mounted h 

m d tl t t h pla d by perehlorate of fixture and nia) b(, ii-.ed for an almost indeh 

potTss p paaed tl) ordinary waj , by nite number of inahaes 

h t tl hi t A few grainmoa of tlie '^ele<,t a piece of wrought iron fras pipe 

f A drtUhtp rchlorate are thrown abo it 115 c m long and 20 or 22 m m in 

t th p t riOT d f the combustion tube diamet(,r Provide a couibn=tion fui nace abnnt 

1 pi g f re tl Ignited asbestos is T > c m long so thit each end of the ti lie 

p hdlw tot ptli potasoiura salt in shill project 20 o ra hejond the fire Ikit 

pi d tl re t f the tube then filled the tube to redness and pass la a ctirreiit of 

th 1 y ^ case the substance steim to oxidise the inner surface of the tubi- 

t be ly d d with ojade of copper Fill tho middle part of the tube with a long 

bj t tw t i e, as explained on column of coarsi hud oxide ol copper aid 

p 61 pe hi t f po "lum should always to keep the oxide of copper m pHee ] lu^ it 

b d t ad f tl hi tte with spiral roll' of suptrnciallj oxidized cop 

Aonvtilatile Ixquil i«6*/onea? Weigh the per foil Roilie two boats of stout she t 

substance (a fatty oil fco' example^ in a small iron one 20 the other 30 c m long of such 

glass tube, kept upiight by a wire support size thit they c in be reiddv pu"h(,d mtn or 

Pace a quantity of oxide of coppt-i anQchlo li i i f f i tht Lombmtion tube fca this 

rate of potassium in the end of the rather long | it iron wire to one end of 

combustion tube, as above described dropm I be longer boat bekng? 

the loaded weighing tube ind cause the oil to f the combust on t il t. 

run out into fie tombustion tube and spread it If tl e substincL to 

about upon the surfico of the glass excepting 1 1 I i itbing but carbon hidro 

iiie anterior third or fourth <rf the tube and geii aaid o'lV^eu the anterior boat is to be 

the upper side of the tube where the open filled with coii-se oxide of copper — oi the 

phannel ia to be left Fill the tube with oxide boat maj be kfi out altogclliei in ea'se the 

of copper which his been cooled m a tight substance to be analjzed is readilv conibusti- 

flask, as descrilied on p bl^and take care thit ble If on the contnr* the sub'tanct to be 

the weighing tube is filled with the oside analyzed is nitrogenous fill the anterior 1 oit 

Place the tube in hot iind so that the oil miy with copper turnings (compare p 64) if it 

become more fluid and so be completely ab contain sulphur cjiloiine iud ne or bionuie, 

sorbed by tie oxide of copper, and proceed fill the boat either with red lead or with chi-o- 

with the analysis as above described. .— Solid mate of load. 

fata or waxes may be iiiaed in a small weighed SolUls. In case tlie siibstajiee to be burned 
bpat of glass, made from a tube divided length- is a solid consisting only of carbon, hydrogen 
wise, and then cooled aad weighed. The boat and oxygen, both the boats are filled with 
and contents may then be dropped into a com- oxide of copper and placed in the combustioa 
bustion tube, into tt^ ^nd of which oside of tube, which is then neated as far as the fur- 
copper and chlorate of potassium Jiave been nace reaches during 10 or 16 minutes, while a 
previously thrown, and heat applied so that bIoiv stream of air is forced through the tube, 
the substance may be spread about the tube Allow the posterior portion of the tube to cool 
and subsequently absorbed by the oxide of somewhat, then take hold of the tube with a 
copper as just desciibed. pair of roughened pincers (gHs-fitters' pliei'!'), 
remove the stopper, draw out the boat and 

Method 4- Comhuftion with Oxide of copper cork it up in a s^pecial iron tube, kept for the 

mconjunclion with Alntoiijifiefic Aii: (Method purpose, until it has become well nigli cold, 

of Cloez). Meanwhile attach the weighed chloride of cal- 

This method of analyzing organir compounds tium tubes, etc., to the anterior end of the 
is characterized by the aimplicity and cheap- tube, which has hitherto remained open, 
neas of the apparatus required, as well as by As soon as the tjxide of copper is cold 
its very general aj^lic ability. It may be em- enough, place the boat on a sheet of tliin cop- 
ployed not only for the analysis of compounils per foil, and with a polished iron honk transfiT 
of carbon, hydn^n and oxygen, whether solid a portion of the oxide to a small, shallow rec- 
or liquid, volatile or non-volatiie, hut for the tangular box or shovel of brasB, open at one 
determination of carbon and hydrogen in sub- end. Quickly scatter the substance to be 
"tances contaminated with nitrogen, sulphijr, analyzed over the oxide of copper left in the 
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boat, coTer it with the oiide in the shovel, the latter on a piece of platinum loil turned 
push batit the boat into the combustion tube, up at the edges and provided with a wire for 
replace tbe stopper and pass a alow current of withdrawing it from the tube, push the boat 
air tlirough the apparatus. The combustion up to the permanent column of oxide of cop- 
is conducted in tbe usual way in so far that per in the middle of tlie tube, and pi-ocfeed 
the anterior end of the boat is first heated, with the combustion in the ordinary way. Af- 
whiie the oxide of copper in the middle and ter the products of the dry distillation of the 
front part of tbe tube ia kept red hot. By substance have been consumed, tlie residual 
noting the rate at which the air hubbies pass carbon is burnt at the expense of the oxygen 
through the potash lye in the permanent set in the stream of air. A somewhat loojie'" time 
of purifying tubes bebind the fiirnace, and the is required in this case tlian when the combus- 
weighed potash balbs in front, it is easy to tion is finished in oxygen, but the results ob- 
follow the process of tbe combustion, and de- tained are said to be equally accurate, 
termine when the operation is finished ^ In T dry dp fyth i equ'df ths' 
stead of transferring the boat fuU of d f process Cloe mpl y ' ' " ' 
copper to a special cooling tube, it n y be 1 t ' "" ' "- ^- 
to cool in the combustion tube if th p to 
prefer. 

After the combustion is finished d tt 
weighed absorption tubes have been m d 
to tlie room of constant temperatur f 
strong current of lur through the tub d 

to reoxidize titie reduced copper, and p ot d 
to the next analysis. 

Liquids. Non-volatile liquids are w t^h ] 
a tu!^ drawn out to a fine point, SMi tl 
transferred to the oxide of copper in th b t 
the weight of the substance taken i d t m 
ined by. weighing the empty tube. V i tl 
liquids may be weighed in a tube p id 
with a glass stopper at one end, and draw t 
to a point at tbe other. This tube ht d 
the oxide of copper in the boat, tbe topp 11 k ! S CI A m pl< rt A 

removed, the boat immediately pushed into the in conjunclion with Oitde o/ Copper (Method 

combustion tube, and a slow stream of air of Fresenius). 

forced through the tube. In this case the This method is applied to tbe estimation of 

oxide of copper in the posterior boat is not the chemically com&ined tarbon in cast or 

heated until the stream of cold air has ceased wrought irons, particularly in tho'e kinds of 

to carry forward vnpors of tbe substance into iron which conliin much giaphite and but 

tbe column of hot oxide at the middle of the little combined carbon 
tube. Method. Reduce a quantity of the iron to 

Nitrogenous Suhstancen, In analyzing nitro"- flae powder. Weigh out from 1 to 1.5 grmg. 

enous substances, a copper boat filled wiUi of the powder, and place it in a fiask of about 

copper turnings (see Nitrogenous substances 150 c. e. capacity. Fita two-holed caoutehouo 

under Methods 1 and 2) is placed in tbe fore stopper to the flask, and to, one of the holes 

part of the tube, and only a veiy slow stream fit a glass tube rather more than twice as Ipng 

of air is kept up during the first part of the as the flask is high. Bend this tube twice 

combustion. The current of iur may be made near the middle into the form of an S, in su^h 

more rapid towards the close of the analysis, manner that the bent portion may be wholly 

though the anterior portion of the layer of outside the cork, while ejiongli of the tube ;s 

metric copper should remain unoxidized to left straight at either end to veaeh alipoe* to 

the last. the bottom of the flask; blow a small bulb at 

SuZjoiw, Chlorine, Bromine or Iodine. In. the middle of the bent portion, i. e., at the 

the analysis of substances containing sulphur, centre of the 8- After the S-tube has been 

chlorine, bromine or iodine, the anterior boat fitted to the stopper, pour a few drops of qnick- 

is filled with dry red lead or cbromate of lead, silver into the lower bend (rf the S. To the 

and the substance is mixed with fused and now- other hole in the stopper fit a delivery tube, 

dered chromate of lead in the posterior fioat. This delivery tube should pass straight up- 

He anterior boat should be heated only to wards tlirough a distance about as great as the 

incipient redness, in order that its contend height of the flask, and then bend at a ri^ht 

may tiot fuse. angle to meet a horizontal combustion tube. 

Aah Dsterminaiiona. In case the proportion Betore fixing this delivery tube to the stopper, 

of ashes in the substance analyzed is io be de- slip a short piece of rather wide glass tube 

termined as well as the carbon and hydrogen, over its upright part, and by means of a per- 

weigh the substance in a porcelain bo'at, place iorated cork fasten the lower end of this 
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outer sleeve tightly to the delivery tube. Dur- practically insignificant, though sufficient to 
iiig the experiment, tiia sleeve is kept full of impart an odor to the liquid, 
■water to cool the mixture of air and hydrc^n The iron in the flnsi of course dissolves more 
passing forward from the flask. or less rapidly, according to the kind of metal, 
The comhuBdon tube may be about 30 c. m. the fineness of the powder and the degree of 
long. Half its length — the end neit the flask, — heat, hut as a rule the experiment requires 1 or 
is filled with loosely packed asbestos and the 2 hours for its completion. ^ In operating 
other half with coarse oxide of copper, the upon samples of iron containing but little 
latter being kept in place by a final plug of as- graphite it may he well lo throw into the flask 
bestos. Totheend of thecombustion tube which a small quantity of platinum sponge to accel- 
is iarthest from the flask attach a lai^ un- erate the solution. — The process is inap- 
weigbed U chloride of calcium tube, to wie lat- plicable for the analysis of certain kinds of 
ler attach a small, weighed soda-lime tube, and iron which deposit a portion of the combined 
beyond the soda-lime place another unweighed carbon in the solid form (tc^ther with the 
U-tuhe, filled half with soda-lime and half with graphite) when treated with dilute sulphuric 
cliloride of calcium, to protect tlie weighed acid. (Buehner, Joum. prakt. CAem., 72. 3G4), 
tube. To this last U-tube attach an aspirator. It is easy to determine whether carbon has 
Jgnite the contents of the coinbustion tube been thus deposited in any ^ven case by ei- 
in a current of mr free from cai'bonic acid ; aiaining the residual grmhite. To this end no- 
connect the combustion tube with the delivery tice, in determining the Graphite, whether any 
tube of the flask, test the tightness of the coloration is imparted to the liquids, — boiling 
apparatus, and heat the oxide of copper half water, potash lye, alcohol, and ether, — with 
dI the combustion' tube to low redness, which the graphite is washed. Observe also 
Place a small thistle tube in the top of the S- whether the alcohol or ether, with which the 
tube of the flask, fill the thistle tube with di- graphite has been washed ft ml f th 
lute sulphuric acid, made by mixing 1 part of potash lye by water, leave j f 
Strong acid with 6 partsof water, and by means ganic matter when evap d (F 
of the aspirator draw over into the flask, past Zeilsch. analyt. Chem., 18 i ) T p 
the mercury, a quantity of the acid suflieient cess yields accurate resul (C p T h 
to dissolve the iron. Remove the thistle tube, Chem. News, 1867, 16. 6 ) 
replace it with aa unweighed soda-lime tube, 

attach the latter to the Is-tube with a caout- Method 6. Go^tbustia m C yg g 

chouceonnectorand, by means of the aspirator, (Warren's method). 

draw a slow current of au" through the ^pa- Specially adapted for th a I f 1 I 

ratus while the iron is dissolving. -^ Heat liquids, and of gases. 

the flask carefully in a water bath, or upon a Bend a combustion tube h m de- 
metaltic plate, so that the iron may dissolve scribed under Method 2, i p agi ph 
with tolerable rapidity. lating to volatile liquids; pick h h 1 
The mixture of air, hydrogen and earbu- part of the tube witb sm 11 fib is p f 
retted hydrogen burns to water and carbonic asbestos, or other inert b 1 oseiy 
acid, at the edge of the asbestos in the com- that gases may pass finely hr hip 
bustiou tube, so completely that but little of the mass, and at the same m I ly h 
the oxide of copper in the combustion tube is no mixture of oiygen and h d g h 
ever reduced. In case any of the oxide of inflammable gas can expiod h h 
copper happens to be reduced for a moment midst. Inpackingthetube, the asbestos should 
the metal is immediately reoxidized by the ex- be added littlfe by little and each new portion 
cess of air. T'he column of asbestos prevents presseilgentlyagainsttheprecedingbymeansof 
the possibili^ of the flame's passing back into a stiff wire. Little attention need be paid to tlie 
the flask. The carbonic acid formed during arrangementof theasbestosin themiddleof the 
the combustion is absorbed in the weighed tube, since that portion of the column will 
soda-lime and its amount determined byre- come right of itself if the material is properly 
weighing the tube at the close of the experi- packed against the glass. A good way is to 
ment. hold the tube in the left hand and turn it con- 
As soon as the evolution of hydrc^n ceases, tinually, while the wire in the other hand ia 
heat the column of asbestos in the combustion made to pass around gainst the sides of the 
tube in oi-der to oxidize any ta'aees of hydro- tube, gently tapping the asbestos and com- 
carbons whjch may have condensed on the as- pressing it so that only very small open spaces 
bestos, and aJterwarda allow the apparatus to can be seen in the finished column. It is best 
cool in a slow current of ajr. Weigh the soda^ to ipake the horizontal part of the tube long 
lime tube and fi'om the weight of carbonic enough to hold a column of asbestos 10 or 12 
acid thus found calculate that of the carbon inches long,andtoplace ashortcolumn (2 or 3 
which has been evolved from the iron as a gas- inches) of coarse oxide of copper in front of 
eous compound. The traces of hydrocarbons tlie asbestos as a saieguard against accidents, 
retained by the iron solution in tjie flask are The substance to be analyned is introduced 
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at the posterior part of the tube in the manner 
described in ttie paragraph just cited, and the 
analysis is conducted as there directed. Spe- 
cial care must, hovfcvev, be enercised in regulat- 
ing the stream of oxygen so that an excess of 
this gas may alwaj-s be present Id the combus- 
tion tube. To this cad, the permanent drying 
apparatus should contain a set of potash bulbs 
ot the same size as the weighed potash bulbs 
at the firont of the tube, so that the number of 
bubbles, that is to say volumes, of oxygen en- 
tering the tube may be readily compared with 
the bubbles of carbonic acid which pass out. 
About 2 vols, of oxygen should be made to 
pass through the posterior potash bulbs for 
every bubble of mixed carbonic acid and oxy- 
gen which appears at the anterior bulbs. Or, 
better, the posterior set of bulbs may be made 
of such size that each of their bubbles shall ba 
twice aa large as those of the anterior bulbs. 
In case the supply of oxygen were at any time 
decidedly deficient the fact would be indicated 
by the reduction of some of the oxide of cop- 
per at the front of the tube. For a descrip- 
tion and figure of an attachment for saving the 
excess of oxygen, and at the same time pre- 
venting the possibiiity of losing an analysis 
through the escape of unconanmed carbona- 
ceous gases see Warren's original memoir, as 
cited below. 

In spite of the fact that by far the larger 
part of the substance is consumed in a very 
small portion of the column of asbestos, it has 
not been found advi&<ible ta make the combus- 
tion tube any Bhort*^ than his been recom- 
mended above. With a ihort tube it is far 
more difficult to control the distillation of the 
substance and to regulate the supply of oxy- 
gen. The method of preventing any of the 
substance from escaping backwards from the 
combustion tube has been already described. 
See Method 2, paragraph on- Volatile liquids. 
(Warren, Amer. Journ. ScL, 1861, 88. S87). 

Method 7. Combtistion viith Oxygen after vola- 
tilization in a siremn of Hydrogen. (A. Mit- 
scherlich's method). 

Applicaliom. Simultaneous estimation of 
C, CI, Br, I, S, and N in solid-, liquid, or gas- 
eous, substances without need of any combus- 
tion furnace. 

Method. Heat the substance to be analyzed 
in a stream of hydrogen, and bum the hydro- 
gen, thus charged with the vapor or praducts 
of distillation of the substance, in a stream of 
oxygen. If the snbstance contains no sulphur, 
pass the products of the combustion over a 
sheet of strong sulphuric acid to remove the 
water, then through a strong solution of nitrate 
of lead to absorb the chiorhydric acid, next 
tiirough a tube filled with oxide of mercury to 
absorb bromine, and then through potash lye 
to absorb the carbonic acid. Finally pass the 
residual nitrogen and tlie excess ofoxygen 
through a tube containing phosphorus, in order 



that the oxygen may be absorbed, and collect 
and measure the nitr<^n in a graduated cyl- 

The amounts of CI, Br and C are determined 
by weighing the several absorption tubes before 
and after the experiment. 

If the substance contains sulphur, replace 
the solution of nitrate of lead with a concen- 
trated solution of bichromate of potassium to 
absorb the sulphurous acid. In order to get 
rid of a small quantity of sulphuric acid which 
is formed during the combustion of the mixed 
hydrogen and sulphur compound, place some 
chloride of calcium and a littie sulphite of cal- 
cium near the hydrogen flame. The moist 
sulphuric acid is absorbed by the sulphite of 
calcium as fitst aa it is formed, and at the same 
time a quantity of sulphurous acid, equivalent 
to that of the sulphuric acid, is set free from 
the sulphite to be absorbed by the chromate of 
potassium in due course. ^ If the sub- 
stance contains iodine, the latter is allowed to 
deposit itself near the hydn^en dame at first 
and is subsequently sublimed into a clean glass 
tube, of known wdght, and weighed as such. 

In case any portion ot'the substance remains 
unvolatilized after having been thoroughly 
heated in the stream of hydrogen, the residue 
is weighed directiy and estimated either as car- 
bon or ash, as the case may be. For the de- 
tails of this interesting process, see A. Mit- 
scherlich's memoir in Zeilsch.finalyt. Chem., 
1867. a, pp. 161-166, and 141. 

Method 8. Comhtsiion leilk Chromate of 

This method was formerly much employed 
as a substitute for Method 1, in analyzing dif- 
ficultiy combustible substances, such a 
coal, iats, etc.; it is, however, less " — 
than Methods 2, i and 6. 

Anderson {Annalen CJiem.und Pharm., 122. 
300) has observed but cannot explain the fact 
that in analyzing hydrocarbons with pure chro- 
mate of lead, the amouiit of hydrogen found 
is often considerably larger than it should be. 

The details of the process, which may be 
used for analyzing solids and liquids, whether 
volatile or non-volatile, are similar to those of 
Method 1, with the exception, that fused, pow- 
dered chromate of lead is substituted for the 
oxide of copper. The combustion tube need 
not be so large as in Method 1, since chromate 
of lead contains far more avwlable oxygen 
than an equal volume of oxide of copper. (See 
Chromate of Lead). The chromate is simply 
heated in a porcelain or platinum dish, over a 
lamp, until it b^ns to turn brown, and then 
allowed to cool at 100°, or to a lower ten'pei^ 
ature, before it is transferred to the combus- 
tion tube or mixing mortar. Since chromate 
of lead is aa hygroscopic as oxide of copper, 
the tube must finally be dried with an exhaust- 
ing syringe, as described under Method 1 . 

The combustion is conducted in the same 
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way as with oxide of copper, hut towards the 
close that part of the tube whith contains tlie 
auhstance must be heated intensely, in order to 
fuse the ehromat* of lead so that no particles 
of tarbon may escape combustion. This power 
of fusing at a moderate heat is one of the chief 
adyantages of the chromate as compared with 
oxide of copper. Care must be taken, how- 
ever, not to fuse the chromate at the anterior 
part of the tube, nor to heat it so hot that 
it shall lose its porosity, lest it become power- 
leaa to act upon gaseous products which have 
been only incom^et*ily oxidized at the other 
end of the tube. It is well, for that matter, to 
Jill the anterior part of the tube with coarse 
oxide of copper instead of chromate of lead, 
or with copper turnings which have been su- 
perficially oxidized by heating them in the air. 

For the use of bichromat* of potassium in 
conjunction with chromate of lead, see below. 
Method 9. 

Sulphur Compounds may be burned with 
chromate of lead in a tube SO or 80 e. m, long, 
if care be taken that 10 or 20 c. m. of the fore 
part of the column are never heated above low 
redness, (Carius, 4^nnaieix Chem. xmd Phana., 
lie. 28). For the use of chromate of lead in 
conjunction with oxide of copper and ^r, see 
above. Method 4. 

Chlorine and Iodine Compounds may be 
analyzed with chromate of lead without the 
risk of errors such as are liable to occur when 
oxide of copper is used. The chlorine or 
iodine is converted into chloride or iodide of 
lead and so retained in the combustion tube. 

Some Bromine Compounds, however, are not 
readily uialyzed io this way, since the metallic 
bromide formed during the conjfaustion is liable 
to fuse and eacloae some particiee of carbon so 
completely that they cannot ba burned. To 
avoid this difficulty Gorup-Besanez, Zeilsch. 
andyt. Chtm., 18B2, 1. 439) recommends tlie 
following method: — Choose a combuBtion tube 
with a rather long, upturned point, place in 
the tube a three-in3i layer of oxide of copper, 
then a plug of asbestos, then a porcelain boat 
containmg the substance to be analyzed in 
fine powder, mixed with about an equal weigiit 
of dry oxide of lead; then another asbestos 
plug, a column of granular oxide of copper, 
and fi.nally chromate of lead or copper ' 
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t heat to vedness the anterior and 



posterior portions of the tube, and then 
tJie tube at the boat very carefully and grad- 
ually. The Eombustihle portions of the sub- 
stance will distil over in the form of vapor and 
be burnt by the hot oxide of copper, and noth- 
ing hut bromide and oxjde of lead will be left 
in the boat. Complete the combustion in a 
stream of oxygen, taking care that no more of 
the gas is passed than }a necessary and that 
th'e contents of the boat are not too strongly 
heated. To prevent bromide of copper from 
subliioing into the chloride of calcium tube, 
sfe Method 2, p. 68. 



Method 9. Use of Bichromate of Pofassiwn. 

A. Bichromate of Potassium with Chromate 
of Lead, In analyzing eome very difficultly 
combustible substances, such as graphite, for 
eiLample, it has been found advantageous to 
mix the chromate of lead with about one-tenth 
its weight of fused and powdered bichromate 
of potassium. This mixture melts readily and 
gives off towards the close of the process a lit- 
tle more oxygen tlian would be evolved from 
mere chromate of lead. (Liobig; Mayer, 
AnnaL Chem. und Pharm., 95. 204). The 
mixture of chromate of lead and bichromate of 
potassium is well fitted also for tjie analysis of 
oiganic compounds containing potassium, so- 
dium, barium, calcium or strontium. No trace 
of carbonic acid is retwned by either of these 
metals when their compounds are ignited in 
presence of the mixed cnromates. 

B. Bich'om^e of Potassium milk Oxide of 
Copper. It has been suggested by Rochleder 
that a fiised mixture of oxide of copper and 
bichromate of potassium might be used instead 
of chromate of lead for burning difficultly com- 
bustible substances, and, considered merely as 
an osidiiing agent, the mixture ia said to yield 
excellent results. But the fused maas la so 
hard to pulverize that it ia practically less con- 
venient than chromate of lead. 

Schulze has employed fJiese ingredients in a 
somewhat different way for determining the 
proportion of humus in soils. His process is 
as follows; — Rub 10 grma. of the finely pow- 
dered and sifled soil t(^ether with 20 grnis. of 
a mixture of equal parts of oxide of copper 
and bichromate of potnssium. Place tlie mix- 
ture in the closed end of a combustion tube, 
put a layer of oxide of copper in front of the 
mixture, a layer of fiuely divided metallic 
copper in front of the oxide of coppei', and 
leave a space of several inches empty at 
the fi-ont of the tube. Connect the anterior 
end of the tube with the collecting bottle of 
Sobulze'a apparatus for estimating carbonic 
acid (see Carbonic Acid, estimation of by meas- 
uring the gas), turn down the water delivery 
tube of the connecting bottle and proceed to 
heat the mixture in the combustion tube prC' 
cisely sa in an ordinary combustion; t. e., from 
the front backwards, taking care not to heat 
the tube so strongly as to distort it. Measure 
the water expelled from tlie collecting jar, as 
directed in the paragraph above referred to, in 
order to determine the volume of carbonic 
acid. ^ The metallic copper at the firont of 
of the tube will retain any oxygen which may 
be given off from the bichromate. A special 
experiment must be made, aa directed under 
Carbonic Acid, in order to ascertain how much 
of the carbonic acid obtained by the combus- 
tion is derived from carbonate of calcium in 
the soil. The difference between the two de- 
terminations will give the amount of carbonic 
acid derived from the carbon burnt. In case 
the carbonic acid is mixed with nitri^n or 
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other foreign gaa, it may be passed into baryta tube attach a Will & Varrentrap's nitrogen 

water and precipitatedasCarbonateof Barium, bulb filled with concentrated sulphurio add 

(Schulze, Zeitsch. analyi. Chem , 1863, 2, and set in a basin of cold water; to the niti-o- 

298), gen bulb attach a set of Liebig's potaali bulbs, 

Another raetliod of employing the t o in and to the latter attach a smail tube filled mth 
gredients, is to mix them in -the coml n o^, s of solid hydrate of.potaBsinm. Since 
tube, as has been proposed by Gintl (Z h h p pose of the eulphm^c acid is merely to 
amdyt. Chem., 1868, 7. 302). — I n p ty he carbonic acid, it need not be 
ordinary combustion tube, drawn up to p igt -d but both the potash bulbs and tube 
and closed at one end, pour a layer of b m b weired before and after each esper- 
two inches of coarse oxide of copper, ham ^ Prepare a quantity of the oxi- 
layer of sereral inches of fused and powd d n^ ution by placing 100 grammes of bi- 
bichromate of potassium, then the organ b h m of potassium and 135 grms. of oil of 
stance to be analj-zed and then a layer o n a litre flask and filling the flask with 
eral inches of oxide of copper. Both tli p w te to the mark. Pour about 150 c. c. of 
dered bichromate and the OJtide of copp ion through the bulb-tube into the 
kept free from moisture in tightly closed tubes flask, close the tube with the plug, and heat 
or fiaslm, as expl^ned on p. 61. By means tlte contents of the fiask upon a water bath, 
of a twisted wire (Compare p. 61), mix the The carbonic acid set free is dried and other- 
substance, die oxide and the bichromate inti- wise purified by the sulphuric aeidin (Vienitro- 
Bjately, then fill the anterior part of the tube gen bulbs, and is absorbed by the potash in the 
■with oxide of copper and proceed with the weighed apparatus beyond. In the coarse of 
combustion in the usual way. (See Method 1). 20 minutes bubbles of carbonic acid cease to 
Since some free oxygen resulting from the par- pass through the sulphuric acid, and a quantity 
tial decoiftposition of the bichromate is apt to of the potash lye rises into the iarg« bulb ta 
escape from the tube, care must be taken at the Liebig apparatus. When this occurs, re- 
the close of the combusljontodraw air through move the plug bom the top of the bulb-tube 
the apparatus until the last trace of oxygen at the flasfc, attach a soda-lime tube to the 
gas has been displaeed from the potash bulbs. bulb-tube to purify the air, and by means of 

The process yields excellent results, the com- an aspirator draw air through tbe flask until 

bustion is easily completed at a comparatively all the carbonic acid has been swept fca-ward. 

low temperature and the m.iteriaU employed The increase in weight of the potash bulbs and 

a,re much cheaper than chromate of leai tube gives the amount of carlwnic aoid which 

C. Bickromate of PotasHian wUh dihite Sul- has been evolved from the substamee. — It 

phvric Acid. (Method of analysis by gentle or is important to keep the sulphuric acid in the 

"Limited" oridation). Compare Brunner (be- nitrogen bulbs cool, lest it act upon some of 

low, under Method 10). the aldelyde or other volatile products of the 

Many organic substances, such, for example, decomposition, which pass forward with the 

as the fatty acids, undergo no change when carbonic acid, and so generate sulphurous acid, 

treated with a dilute solution of bichromate of Since the province of the sulphuric acid is to 

potassium mixed with weak sulphuric acid ; absorb aldelyde as well as water, chloride of 

while other substances, such as compounds of calcium cannot be used in its place, 

lactic acid and dielhoxalie acid are readily de- Another form of apparatus employed b^ 

composed by the mixture, with evolution of a Chapman & Smith in certain cases for esti- 

deflnite quantitj' of carbonic acid. Hence it mating the carbonic acid by loss, is figured on 

is possible to analyze certain mixtures of or- p. ISO of their memoir, 
ganic compounds, -s- after the mode of decom- 

Eosition of the easily oxidizable constituents Method 10. Combination toUk Chromic Acid. 
as once been determined, — by heating the This process is used for estimating carbon in 
mixture with the acidulated solution of bichro- castriron (see above. Principle 1, D)i and for 
mate and collecting and weighing the carbonic determining carbon in soils, vegetables and 
acid which is formed. other substances whose ashes would be likely 
For decomposing one class of substances, to interfere with the ordinary methods erf' anal- 
such as the lactates. Chapman & M. Smith pis. Like Method 7 it differs essentially from 
(Journal Laivion Ch^m. Soc, 1867, 20. 173) Methods 1 to 6 and 8, inasmuch as it isappli- 
emploj' the following process: — Place a weighed cable to the determination of carbon without 
quantity of the substance to be analraod m a regard to the hydrogen which usually accom- 
widermouthed flask, and fit to the flask a eaout^ panics this element. 

chouc stopper with two perforations. In one Provide a two-necked flask of about 150 c. c. 

hole of the stopper piace a sihort delivery tube capacity. To one neck of the flask fit a per- 

beiit at a right angle, and in the other hole a forated cork carrying a tube bent at a ri^ht 

long tube reaching almost to the bottom of the angle, and to the other opening attach a wide 

flask, provided with. a bulb above the stopper, tube provided with a bulb of 70 or 80 e. c. ca- 

and closed at the upper end with a hit of caout- pacity. The purpose of this bulb Is to con- 

chouc tubing and glass plug. To the delivery dense aqueous vapur generated in the ftask; it 
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must be supported In a vertical position above In using this method for determining carbon 
the flask. The inner limb of the right-angled in an organic substance, about 16.6 grms. of 
tube above mentioned must be long enough to chromic acid and 25 c. c. of concentrated sul- 
reach to the bottom of the flaalt ; the other phuric acid should be taken for every gramme 
limb extends a few inches outwards from tlie of the substance. Almut 2 vols, of water 
cork and is plugged at the end with a bit of should be placed in the flask for every 3 or 4 
glass rod fitted to a short piece of rubber tub- vols, of strong sulpliuric acid used. If the or- 
ing. Set the flask in a basket of wire gauze ganic substance contains chlonne, bromine or 
on a ring of a lamp-atand. Connect the ver- iodine, a tube filled with, pulverulent iron, cop- 
tical bulb-tube with a permanent drying appa- per or silver must be placed between the verti- 
ratus consisting of a cylinder of about one- cal bulb-tube and the permanent drying cyiin- 
quarter litre capacity, filled with pumice stone, der to absorb the foreign gas. (Ullgren, Annul. 
which has been soaked in strong sulphuric Chem. und Pharm., 124. 59). ^ Ullgren 
acid and afterwards heated to expel any traces prefers chromic acid to the bichromate of po- 
of chlorhjdric or fluorhydric acid which may tassium recommended by the brothers Rt^ere, 
have been contdned in the stone, and a U- and by Brunner (Pogg. Ann., 96. 379), since 
tube about GO c. m. long full of chloride of it is possible in this way to avoid tlie formation 
calcium. To absorb the carbonic acid, attach of an annoying precipitate of anhydrous chrome 
to the chloride of calcium tube a small, weighed alum which interferes with the reaction, wiien 
U-tube, full of soda-lime orpotash-pumice, with bichromate of potassium ia employed. The 
a short layer of chlorideof calcium at the outer chrome alum thus thrown down as a green, 
end. slimy powder, almost insoluble in water, acida, 
In case the substance t« be analyzed consists or alkalies, not only delays the oxidation, but 
of the rfeidue from 2 grms. of cast iron, as tends to conceal its completion. — According 
explained on p. 58, the details of the process to Brunner, it is possible, by his process, to es- 
will be as follows : — Remove from the flask tiraate the ordinary modification of carbon in 
the cork which carries the right-angled tu"be, presence of graphite, by oxidizing first with a 
and draw up the inner limb of this tube mixture of bichromate of potassium and dilute 
through the cork so that it shall not reach far sulphuric acid indatletwaids using strong acid; 
into Uii flask. By means of a wash bottle with but the separation did not succeed in UU- 
fine jet, wash the carbonaceous matter intothe gri,ns hands For the application of this 
flask, taking care to use as little water as pos- process to ot^anic inaljsis compare W. 
sible. II" the quantity of liquid in the flask Knop, Chem fenbalblaU, 1861, p. 17, 
does not exceed 25 c. c. add to it 40 c. c, of 

concentrated sulphuric acid, or a proporlion- Method 11 Coiribuition v lik a laidure of 

ally larger quantity of acid if the volume of Ch omaie of Lead and Chlorate of Potas- 

water is larger, and allow the mixture to cool, sinm 

Attach the flask to the system of drying and Applications Estimation of carbon in cast- 

absorption tubes, throw intoit about 8 grammes iron 

of solid chromic acid, free from potassium, and ' Method Close acombustiontubeof hard glass 
immediately replace the cork. ^ Heat the atoneend and place atthe closed end a two-inch 
flask gradually until the evolution of gas be- layer of a mixture of equal parts of chromate of 
comes so violent that the mixture threatens to lead and chlorate of potassium. Mix about 3 
boil over, and maintain the temperature at grms. of the finely powdered iron with 60 
this point as long as there is a lively evolution grms. of a mixture of 40 parts chromate of 
of gas. When the current of gas slackens, leadand 6 parts of fusedchlorateof potassium, 
heat the flask more strongly until white fumes and place the mixture in the combustion tube, 
appear in the vertical bulb-tube, and maintain Finally, place a layer of chromate of lead in 
the mixture at tliis temperature until the evo- front of the mixture, and connect the tube with 
lution of gas becomes very weak. Attach an a chloride of calcium tube and a weighed soda- 
aspirator to the weighed soda-lime tube and lime tube or set of potash bulbs. Heat the 
open its cock slightly; push down the right-an- contents of the combustion tube carefully, be- 
gled tube in the flaA until it dips beneath llie ginning at the anterior end. When the mix- 
surface of the licjuid, remove the plug from ture ol iron and the oxidizing agents is heated 
the outer limb ol the right-angled tube, and to dull redness the metal burns with incandes- 
attach to the latter a tube filled with fragments cence, and the carbon contained in it la oon- 
of caustic potash. Then open the cook of the verted into carbonic acid. At the close of the 
aspirator somewhat wider, so that bubbles of operation the free oxygen evolved from the 
air may pass through the liquid in the flask at mixture of chlorate and chromate at the end 
the rate of about 2 a second. When 5 or 6 of the tube sweeps forward the carbonic acid 
litres of water have flowed from the aspirator and, if need be, completes the oxidation of the 
the whole of the carbonic aeid will have been iron. ^ The process usually yields good re- 
swept out of the apparatus and absorbed in suits, though the percentage of"^ carbon found is 
the weighed soda-lime tube. Allow the latter sometimes rather lower than the truth. The 
to cool before weighing it. addition of chlorate of potassium is essential to 
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success in determining carbon in cast-iron; with clilomte is scarcely at all hygroscopic, the mis- 

chromate of lead alone the amount of carbon ing and transfer of the substance may be made 

obtained from the caat-iron is always too small, at the ordinary temperature without special 

(Regnault, Annal. Chem, und Pharm., 80, precautions. 

352; Bromeis, Ibid., 43. 241; Tosh, Chem. Hang the combustion tube, or support it 
Nem, i867, 16. 67). Take care to remove npon ivires, in a horizontal position, attach the 
the oxygen from the absorption tube befbie weighed absorption apparatus (a large chlo- 
■weighing. Or, instead of that, the soda-lime ride of calcium tube and a coupte of soda-lime 
tube may be filled with oxygen in the first tubes will be best) and proceed to heat the mix- 
place, and always be weighed lull of oxygen. tureofchlorateaudsuMtancewithasinglesinall 
spirit lamp or Bunsen's bumBi". The tube la 

Method IS. Combustion with Chlorate o/Po- first heatm at the asbestos plug and then back- 

iasstiim. _ wards step by step, until each portion of the 

The original process of Ga}'-Lussac & Th^- chlorate has been melted and made to react 
nard was as follows: — An intimate mixture upon the oi^anic matter. It often happens 
of known weights of chlorate of potassium and that the reaetion is attended with evolution of 
of the .substance to be analyzed was made light or even deflagration, particularly when 
into small pellets and the latter were thrown, the substance contains a large proportion of 
one by one, with proper precautions, into a carbon, but the deflagration, according ta 
vertical tube kept at a red heat. The carbon- M6ne, does no harm even when potash bulbs 
ic acid, oxygen and nitrogen (if present) were are used to collect the carbonic acid. At the 
conducted through a lateral delivery tube to a close of the combustion, the last traces of car- 
mercury trough and there collected in a erad- bonic a<ud are swept forward out of the tube 
uated cylinder. After the total volume of gas by the oxvgen set free from the pare chlorate 
had been measured, the lunount of carbonic of potassium at the end of the tube. Care, 
acid was detefmined by absorption with caustic must be taken that the absorption apparatus 
potash and that of the oxygen by exploding is either weighed full of oxygen at the start, 
the residue with hydrogen in a eudiometer. or that jur is drawn into it after the oom- 

The process was faulty, as regards nitrogen bustion. The entire operation lasts only 20 

compounds, since a portion of the nitrogen was minutes. It is to be observed that the process 

converted into nitrous acid. It was mappli- requires no special furnace and that by means 

cable, moreover, to the analysis of liquids or of of it a comparatively lai^ weight of the bq1>- 

volatile substances. Berzelius improved it by stance may be taken for each analysis, 
heating the mixture of chlorate and substance 

in a horizontal tube and collecting and weigh- Another method, proposed by Schulae, is 
ing the water generated by the combustion, adapted to the analysis of very small quanti- 
There was consequently no longer any need of ties of carbon compounds. A mixture of 
weighing the chlorate of potassium. He mixed weighed quantities of the substance to he an- 
the chlorate, moreover, witlialarge proportion alyzed and of fused, powdered chlorate of po- 
of chloride of sodium, in order that the com- tassiitm is sealed npandignitedinacombustion 
bustion might be tranquil. tube of known capacity, after the Mr has been 

The use of chlorate of potassium in this way pumped out of the tube; and the mixture of 

was, however, soon given up, and the process su- gases resulting from the combustion is measured 

perseded by that in which oxide of copper is and analyzed by the methods of absorption and 

employed. Quite recently, suggestions have eudiometry owfinarily employed in gas analy- 

again been made in favor of employing the sis. — The combustion tube is made of glass 

chlorate in certain cases. Mene (Compiles of the quality and strength usually employed 

Rendus, 56. 446) recommends the following for organic analyse, but the capacitji- of the 

method. Close one end of a glass combustion tubeto be selected should be determineil ap- 

tube about 1 m. m. thick, 60 c. m. long and 1' proximately by reference to the supposed com- 

c. m. in diameter, throw in enough fused and position of the substance lo be analjized. In 

powdered chlorate of potassium to fill 2 c. m. the case of sugar, for example, 16 miiligrm. of 

of the length of the tube, fill the rest of the oxygen would be half as much again as is 

tube almost completely with an intimate mix- absolutely necessary for the combustjon of 10 

ture of the substance to be analyzed and of miiligrm. of sugar. The ^aa given off from 

fused and powdered chlorate of potassium, and the quanljty of chlorate of potassium, about 

secure the whole by placing a plug of asbestos 41 miiligrm., necessary to produce 16 miiligrm, 

at the front of the column. In making the of oxygen would occupy a space of about 12 

mixture proceed as follows; — Measure out in c. c, measured at the ordinary temperature 

the tube itself as much of the chlorate of po- and pressure. But if this amount of gas were 

tassium as the tube will hold, pour out all but enclosed in a tube of 25 c. c. capacity and 

the last 2 c. m. of the chlorate, mix it with the heated to 500° or 600°, only a comparatively 

weighed and finely powdered substance and feeble pressure could be exerted by it upon 

pour back the mixture into tlie tube through a the walls of the tube. It may be admitted 

funnel. Since, according to Mene, the tiised that 100 miiligrm. of ttdorale of potuseium 
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78 CARBONIC ACID. 

jield 20,805 c. e. of oxygen, and tiat 1000 c.c. is detenninecl by Bbsorpt on I L i ite of 

of oxygijn at 0° and under the pressure of 1 potjissimn, in tlie n ual y 

metre of mercury, weigh 1.8819 gramme. Since the f niinental lea of ll o ethod 

The combustion tube is drawn out to a point Is to operate upon 'very email qua 1 1 es of 

at one end and the point closed; the mixture material, a very accurate bftlance s req lired. 

of subetunce and chlorate is poured into the According to bchulze tie balance should be 

tube in such manner that no portion of the delicate enou_h to d c fe at the least quan- 

mixture shall remain adherun,' to the tube near titles as small is ^^ of he substance we ghed. 

the open end. The tube is then drawn out at BaJances on the principle ol' that of Ritchie 

the lamp near the open end, to a conical point (Phil. Trans.. 1830, p. 402; see also Karslen's 

fit to receive a caoutchouc connector. Be- atlgemein. Encyclop. der PkysUc, Lief. 16. p. 

hind fliis point the tube is narrowed to such an 606) may be employed with advantage, 

extent that it can be readily oi(Bed at amy mo- Hygroscopic Bui»taiicee may be weighed, 

• ment by touching it with a blowpipe &ime. and analysed in the moist condition, it being 

Neither the point nor the depression in the only necefsary to determine tlie proportJoii of 

tube must be uiade too thin, lest the glass give moisture by drying a special portion of the 

way when the tube is exhausted of air. material. (F. Schidze, Zeiiscli. analyt. Chem., 

To exhaust tiie tube, fit to its aperture a flex- 1866, 5. 269.) 

ible pipe which has been rendered impermeable CarbOn3t6S (vaiious). 

to air by soaking in hot linseed oil,i8nd con- Pnncipie. Deccmposition 6f by acids. See 

nect the other end of the pipe with an air pump. Carbonic Add (Volatility of); afid Alkalim- 

the precise degree of emcieni^ of whicn has etry. 

been determined beforehand by experiments CarbOllIC Acid. Compare flie van- 
on empty tubes and fl^ks. Schulze found that ous Carbonates, below, notably the carbon- 
the pump employed in his experiments could atea of barium, calcium, and mercury. — It 
remove all but 0.001715 of the original vol- may be here remarked that for estimating 
nme of air, so that for a combustion tube of the amount of carbonic aeid in normivl car- 
SO c> c. capacity a residuum of 0.08575 c. e. of bonates of the alkalies and alkabne enrtbe, 
air had tone allowed for, in calculating the re- it is well to determine the base by means 
suits of an analysis. of a standard acid (see Alkalimetry) and 

When the tube has been exhausted as com' to calculate upon the amount of base an 

pletely as possible, close it by throwing a blow- equivalent quantity of carbonic acid, 

pipe flame against the nan-ow place behind the Prindple 1. Affinity for alkalies, 

rubber connector, place the tube in an iron Applications, EsIJmation of carbonic acid, 

gas-pipe a iittle larger than itself, and heat Separation of carbonic acid from other gases, 

the iron almost to redness during 20 minutes, Estimation of carbon in organic compounds, 

over a row of Bunsen's burneci. In ease sev-. Methods. See Hydrate of Potassium ; Soda^ 

eral analyses are to be made, a couple of com- Lime, and Carbon. Compare also, below, Car- 

bustion tubes may be placed end to end in the bonic Acid (Volatility of, absorption of the gas 

same iron pipe, and heated t<^ether. Alter m alkali), and Hydrate of Calcium, 

the lamps have been extinguished, the appara- Piinciple II. VolatiUtv. 

tus may be cooled by pourmg water npon the Applicotioris. Estimation of carbonic ahi 

iron. As a general rule the glass tubes may boracic acids. Separation of carbonic acid 

be withdrawn from the gas-pipe half an hour ' from all the bases and from aH other acids.- 

aflwr the lamps were lighted. Aikalimetrio determination of the commercial 

To collect the gaseous products of the igni- value of the carbonates of sodium and potas' 

tion, provide a rather tali, tubulated bell-glass slum. Estimation of carbonate of calcium and 

about 3 c. m. io diameter, to the neck of which similar carbonates. Acidimetric determlna- 

has been cemented a fine Bf«el stop-cock con- tion of the value of commercial acids. Indi- 

nected with ^ a straight projecting tube about rect separation of strontium from calcium. 

3 in. m. Jong by I m. m. m diameter. Lnmerse Meihod A . By simple igniiion. This method 

the posterior end of the combustion tube in is applicable to die estimation of earbonic acid 

mercury contained in a tail cylinder, break off in all carbonates, — snch as those of Mg, Gd, 

thelowerpointof the tube in the mercury, push Zn, Fb, Cu, Ni, etc, — which give off the acid 

the tube down into the mercury and place the readily and completely on being heated. Even 

bell-glass fiill of mercury over the top of the with carbonate of calcium carbonic acid can 

tube. Then break the iroper, anterior point of be determined inthis way, if only. a small quan.! 

the combustion tube so (hat the contents of the tity of snbstance be operated upon and the 

tube may viae into the bell. From the bell the heat be made intense. 

gas may be readily transferred to a measuring If tlie carbonate to be analyzed is anhydrous, 

tube by simply sinking the bell beneath the and contain no metal liable to form a mixture 

tube and opening the stopcock. ^ After of several oxides, when heated, it will be 

the totaj volume of gas has been measured, enough to ignite a weighed quantity of it in 

witli the praper precautious, the cai'bonic acid a crucible until the weight of the crucible and 
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.f,.t Thplossofweiffht The difference (:f-W) between the weight 

contents iemmn.een.tol. ^J" ">" °"~£' „, „„ ,„np„(l cirbonlte of .trontium, >nd 

will repicent the oerbomc acid. In ca.e car- « »" "W^xed carbonate, adnally ibnnd, i. 

bonate'eirlead ea,bon.».f e.dn|i.»^o, .^, iXo'at.rSlh. qn.ntity of eaJbo.a.e of 

other eaniy redncible carbonate " » »• ■" I' ? j ^ nit™, .o ihat lie wcieht of 

^iSeSSSdS iSrlw™ S'L. nained ..1. „„• be obtained b, the 

win heated in the ah-, ,.pl«.e the crncible proportion. 

with a bulb-tube of hard gl.., and p... a n.i.>j..l«»s .■ffiEfe^i^w,- ,(. W .»■! 

stream of carbonic acid throogli the tube dur- s^l'co^l^do^.co,- '^'iif^^'^^-^K^^^^J 

,,, the P~- «f«»i"- ™' "•'" J, .rrt,nidtipl,ai. carbonic acid found 

""tC^SS tot »aly..a conttfn, b, I« 6* 4. (L'a.SoSl) ded.c. from the 

wa?e,Si."~Si=-P»-W= to'esthnnt. the P"duc« the weieht of to c„bon.» and in. - 

wSor before the carbonic anid, b, «r,t healng tiply the difference by ""-''■' (Tjl'^fS': 

rt^iXd onantity of the material gently until The product will express the weight of the 

JirSr l?rb,on'ililled, and .nSrward. in- carboE.te of e.lcinm. The difference between 

SnX to drive ont the carbonic acid. In ca» this weight and that of the nuxed carbonate. 

£S" ate? »™tbe determined in thi. way it will give the weight of the carbonate of .tron- 

m>. fi eSSSed a.foaows: — Weigh out a tinm. The process give, good rosnlt. nnlejs 

ri,to?S.^b.Si;ceia..ni.U b'o.t, iind .he ,u..My Sf.o.e or the other of .he metal, 

t:.ll'X"^<°^l'^'"'f^'^ '"SiSr'SimSidpreeipiUteiould 

OhhrridJoi'CJcuii tuta to one end of the bo thrown down from hot Klntions, Dnring 

S?d^ tabe and aJ"n,.S>ed chloride of oal- the prooe« of Ignition the agglomerated m«. 

Sum tote "fcothet end. Comaec. the other .honld bo turned over no. and then m lie 

r7of the wSgUed chloride of cJeinm tube pl.iinnn crneible, and pressed down ciorfully 

w°th.ni*.tor,"«d draw a slow stream of Latest the hot metal nnlU, after repeated ig- 

SthtouTftTwparat... Heat tfre boat and, Sons, lis weight remain, constant. H the 

tanTSufto" mo the whole of thi. wide tube, operator prefer, the carbonic aeid may bo ati- 

SnS S the carbi^nie acid and water have been „atod by fu.iug with borax glass (see belowl , 

Spelfi ton tta "afbonate and e.r,i«i for- but a mo'derate white heat ,uoh as "ajf'^g 

wid Site Z cSorido of calcium tube. Allow be obtahi.d by a blast lamp is snISeiont for the 

teappSattstre-Sl and weigh the boat and p„,^se. (Sehaffgotsoh, fojj. -««»., US- 

the chloride of csieinm tube. The difference 615). 

beWMnSie first mid second weight, of the li„m B. B, «»««» -» « ■»", -»" 

content, of the boat give, the lotel%iounl of „,aSc acM, or «H .nil. »! *" »'Sf i^.; 

carbonic .cidand water! th.incre.se in weight bonic acid can l"/"!"""™,™ '" .~ J 

of the chloride of calcium tube gives 3ie which form anhydrous cmlionates, and its 

?n.onnt of water and the diffeteneJ between amount detennined with great aecniacy. The 

the two the carbonic acid. — Cm* inu.t be principle is apphed also in orgamc analysis. 

Sen nSei to iSve" y moistor. in the wide L ex^ing iibonio acid from tlie carbonate, 

£nOT » bn,rS oSis. Topreventthe of K, Sa, Ca, Ba and Br, m eauis. where 
SSbll'tr of my moisture passing back flom either oftbeu. componnds i. lorm.d dmang the 
EsStorS the weighed ehSride of cal- combustion of the oi^game rmbstanee... tt. 
eium'tube it i.weU to Interpose an nnweighed same principle « involved, moreover, m the 
Soride of eiom t.be beS.en to.two me.holof eattaating bor.em.eri ml™*'/ 

Instead of weighing the substance in a boat, igniting a carbonate with borax glass, as has 
it maTinSrS be placed in a bulb-tube, been .iplmned under Soradc Aol It is ap- 
I^ °ai tCsXZic. tJ be analyed U likely plied alJ, to tlm "'1™'. "'""Tf ^^2 
to absorb oxygen when heated m air it diould from .trontium or ealcium, and of .trontaum 
teiS»iI^««™™«f,''SJ'Si''S,r.',L '■•.~,=»1°"»' •'"" ^ exphimed 



e ignited in n current ot ary earoome aem. troiu eaicium, »= "■" -- — r 

4:SS^Z"i::^rSf"J''^^ ■"rf™...™ Bor„-,,a.,. Fnse,,ua,tity 

sJ?Sl».» of C°alci„u,_,dgh4e mixed of borax-gUs. (see Morate - bodi.in) m ^^ 

™w.initate and call its weight W. Afterwards weighed ^atinum crucible, place the cruciOle 

Sr.h.»r"cio°".te..amoderatewhiteh.at, with its content, in a dessicator t» cool, and 

Si idltlfeSSoS add ha, bee. driven on. weigh when cold. Hace te the crucible a quan- 

CSthaHartaates, and weigh the ..Sid- tit,\f the earlxin.te.o be analyzed -iri^^ 

nal oxides The difference between the two weigh so that both the weight oi the earoor^M 

SKsir.rc3Sci?rK: ^sbLisriJrS^r^^hS 

^ wi.,„f - wciehiof andkeapitatthat. tempeiature until Uie 000 
"rftcj'' ; Sro' CO, = ^! ; » ( - |^^^ } tents of the crucible are in a state of tranquil 
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fusion and no more bubbles of carbonic acid tte potash bulba ind ilao to interpose an un- 

escape from the molten liquid. No heed need weighed chloride ot calcium tube between the 

be taken of a few persistent bubbles of gas absorption tubes and the aspirttor, to guard 

which are liable to remain in the liquid. Again, against the aqueous vapor which may arise 

place the crucible hi the dessicator and weigh from the lattei ^ Place in the combustion 

It, with iti contents, when cold. The. loss of tube from SO to 60 gmii ot bichromate of po- 

weight represents the amount of carbonic acid tassium, which has oten fused just befoi-e the 

in the sui^tance analyzed. The mixture must experiment, tt^ther with from I to S grms. 

not be ignited over a blast lamp, Jest a certain of the carbonate to be analyzed, and place a 

amount of borax glass be lost through volatil- loose plug of ignited asbestos in front of the 

izatlon. (Schafigotsch). mixture. Carbonates of the alkali metals may 

To sepiirate bari'umjfiom stioniitim iw Jrom be introduced in the form of fragments, but 

calcmm, by the indirect method, lihrovr the two most of the other insoluble carbonates must 

metals down together as carbonates, see Car- be finely powdered and mixed with the bichro- 

bonate of Barium (iiisolubihty of), and note mate. Alter the mixture has been placed in 

the weight of ike mixed precipitate. Then the combustion tube, and the latter connected 

expel the carbonic acid by fusing with borax- with the absoqition tubes, heat the mixture of 

glass, and note the weight of the acid. The bichromate and substance, and allow a slow 

proportion of the different metals in the mixed stream of water to flow from the aspirator, so 

precipitate may be calculated as follows. Com- that a current of air shall be drawn tlirough 

pare the method by simple ignition, above. the apparatus. The evolution of carbonic 

To separate Ba from Sr: — Calculate the acid befrfns as soon as the bichromate melts, 

carbonic acid as if it belonged to strontium, and it admits of being easily regulated. The 

thus: — operation is finished when the whole of the 

■^(S'": ar|:co> -'^'■^^fO' i X {^ ,^gB^J ^'sfo^^Thei^c-reaseinweigMVthepXh 

and subtract from this supposititious weight Ji'""'* or soda-lime tube gives the weight of 

iight of the mixed Carbonates (#) the carbonic aeid, and that of the chloride of 

Renumber f:.-WUhus obtained, i^ calcjum tube the weight of thewater in thesub- 



found. The number (:.-W) thus obtained, is calcjum tube the 

proportional to the quantity of carbonate of stance analyzed mease any water was present, 

barfum in the mixture; hence the weight of The presence of sulphites or hyposulphites, or 

the barium salt may be obtained by thi pro- "i ^ufpl'i^les or oxysulpbides o the alkah or 

nortion - t alkahne-eai-thy metals, does no harm, but tlie 

DHF. baiwHin substance analyzed must of course be free from 

ni^c-wM-i^ ■ "ffi' co"'-r -wi- /'"'•'^BsO, co« carbonaceous matt«rs. 
ftla^oS ■ % ~ *" ".Siied^^^iea/ The proccsB may be applied not only to the 

**•" estimation of carbonic acid for its own sake. 

In short, multiply the carbonic acid found but for determining the alkalimetrical value of 

by 147.5 -^ 44 (^ 3.3534), deduct from the tlie carbonates of potassium and sodium. (8ee 

product the weight of the mixed carbonates, below,- under" Expulsion of Carbonic Acid by 

and multiply the diftertnce with 197 — 49.5 Acids'*). (Persoz, Comples Bendus, 53. aS9). 
(=-4.4246). Ihe product wilt etpresa the 3. In the analysis of organic cmnpounds 

weight of the c-ubonite of biiium The dif- which cont^n an alkali-metal or a metal of one 

ference between this weight and flut of the of the alkaline earths, mix the substance with 

mixed carbonate' will give the weight of the a quantity of boracic or antimonioos acia, or 

carbonate of strontium willi phosphate of copper, before placing it in 

To separate Bi fioni Caj proceed <n a simi- the combustion tube. (Compare Carbon). 
lar way, calculating the carbonic acid, at first, Method C. Exp-ulaion by acids al the ordt- 

as if it were all carbonate of calcium. nary temperature. By this method carbonic 

2. Fiision viith Bichromate of Potamum. acid may be separated from all bases, witliout 
Select a combustion tube of hard glass 50 or GO exception. The evolved gas may then be 
c. m. long, and bend it in such manner that it measured as such, or determined as loss, or es- 
shall be very slightly U-shaped at the middle, timated indirectly from the weight or by the 
while the two ends remain horizontal. Fasten analysis of the residue, or, better, it may be 
to one end of this tube a pipe closed with a determined by absorption in an alkali in accord- 
copper stop-cock and connected with a perma- ance with i'nnciple I. 

nent set of potash and chloride of calcium 1. By Lass. The eailier chemists were con- 
tubes, suitable for removing carbonic acid and tent to throw a weighed quantity of the car- 
water from the air. To the other end of the bonate to be analyzed into 3 or 4 times as much 
combustion tube attach a weighed chloride of chlorhydric, nitric, or sulphuric acid contained 
calcium tube and a set of potash bulbs, or a in a tall cylinder, and counterpoised upon a 
Boda-lime tube, precisely as in the estimation balance. Wlien tiie etfervescence ceased, the 
of Carbon, and to the potash bulbs attach an increase of weight on the part of the cylinder 
aspiratw. it is well to attach a small supple- was noted, and the difference between that 
mentaiy weighed chloiidu of calcium tube to quantity and the wdght of carbonate taken 
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CAKBONIC ACID. Ol 

was reckoned as carbonic acid. Care was ing or counterpoising it. Then hold the flask 

taken tc avoid loss by spirting, itnd that the in an inclined position, so that the acid in the 

operation should proceed rather rapidly, so that bottle may run out, little h^ little, «)>on the 

as little acid as might be stioulil be lost by carbonate. The carbonic acid set free is dried 

evaporation. The acid usually employed was more or less completely as it passes out through 

either nitric acid of 1.16 sp. gr., or a mixture the chloride of ealcium tube. •— After the 

of strong chlorhydric acid with an equal bulk evolution of gas has ceased , remove the stop- 

of water. (Pfaff, Handbuch analyl. Chem., per from the narrow glass tube, attach to t fie 

1824, 1. 505; 2. 18). Of late years, however, latter an unweighed (jiloride of i;3lcium tube, 

the method lias been greatly perfected by the connect the permanent chloride of caluiura 

invention of apparatus specially arranged so as tube with an aspirator, and draw a quantity of 

to avoid the risk of loss by evaporation or air through the flask. After all the gaseous 

transportation of the solvent acid. contents of the flask have been swept out by 

A great many different forms of the appara- the current of air, there stJU remains a certain 

tus have been devised by chemists, see, for es- quantity of carbonic acid dissolved in the 

ample, Mohr's Titrirmelkodef 1855, p. 122, and hquid at the bottom of the flask. In order to 

Freseniun's Qwtnliiatioe Analysis, lSS5,p. SOO. remove this dissolved gas, disconnect the flask 

The essential features of the apparatus are, from the temporary dfloride of calcium tube 

Ist, a small elass flask, in which to place the and aspirator, plug the narrow glass tube, and 

snhstance to ne analyzed, and in which, at the slowly heat the contents of the flask to incip' 

proper moment, to mix the substance and the ient boiling. Then remove the plug, re-attach 

acid by which it is t« be decomposed;' 2d, a the chloride of calcium tube and the aspirator, 

tube or fiask to hold this acid and Keep itawny and again draw a quantity of air through the 

from the carbonate until the time when the flask. When all uie carbonic acid has been 

operator sees fit to mix the materials; 3d, a, swept out, disconnect the flask from the aspi- 

chloride of calcium tube, or other apparatus, rator and temporary drying tube, plug the nar- 

for drying the gas evolved by the action of the row glass tube, allow the flask to cod for half 

acid on the carbonate, so that nothing but ab- an hour in the room of constant temperature, 

solutely dry carbonic acid can escape from the replace it upon die balance and determine how 

flask. much less it weighs than at flrst. The loss of 

A ample form of the apparatus may be weight represents the carbonic acid in the sub- 
made as follows: Choose a small, wide-mouthed stance analyzed. ^ Good results are some- 
flask, and fit to it a soft cork or rubber stopper times obtiuned in this way, but it is nevertheless 
with two perforations. Pass the stem of a a matter of common ejiperience ttiat the loss 
chloride of calcium tube through one hole of of weight of the apparatus cannot be counted 
the cork, Mid insert in the other hole a narrow as carbonic acid with certainty. If tlie diinte 
glass tube bent at a right angle and reaching acid liquor in the flask be heated long enough 
nearly to the l>ottom of the flask. Make a: and strongly enough to expel all the carbonic 
small bottle, Hke a homceopathic plual, from a acid which is dissolved by it, some aqueous va- 
piece of tolerably wide glass tubing, by closing por will be driven out of the apparatus also, 
one end of the tube at the lamp, and pressing and lost. In most cases, where good results nre 
the softened glass flat, so that the short tube, obtained, the agreement is really due to the 
or bottle, may be made to stand upright. This compensation ot opposite errors, as may be 
little bottle must be capable of passing readily seen by trying the experiment of repeatedly 
tlirough the neck of the flask. To the fop of heating the flask of the apparatus and sucking 
the bottle tie a thread, or better, a piece of air through it. If the suction be continued 
flue pbtinum wire, a liitle longer than the fla^ just long enough, the diminished weight of tiie 
is high. • apparatus, will esatflly correspond to the car- 

The actual analysis is performed as follows ; bonic acid that was contained in the substance, 
Place in the flask a weighed quantity of the but further exhaustion of the air will diminish 
carbonate to be analyzed, and fill thelittle hot* the weight of the imparatus, not \iy complete 
tie two-thirds full of acid. By means of the removaT of the carbonic acid, but by loss of ' 
thread or wire lower the bottle careflally into aqueous vapor, which easily escapes through 
the flask, leaving the upper end of the thread the desaicating material. By continued work- 
projecting fiwm the fla^. Press the cork into ing on a carbonate of known composition, one 
the neck of the flask so that the thread or wire may soon learn bow long to exhaust in orderto 
may be held firmly between the cork and the bring about the proper loss, but where the an- 
glass, taking care not to spill any of the acid alyst it out of practice an error of 1 or 2 per 
out of the bottle. Plug the outer end o[ the cent is not unlikely to iiappen, and the process 

Elain glass tube with a small bajl of wajL, or itself fiirnishes no means of judging when it 

etter, with a hit of rubber tubing closed with will give a correct result. (S. W. Johnson, 

a short piece of glass rod, arid leave the appa- Amer. Jourit. Sci., 1869, 4B. 111). A far 

— 4. . — . (Jufiiig ]^5 Qf 20 minutes in a room better method is to chai^' the apparatus with 

jerature before weigh- carbonic acid gas in thetirBtplai;e,andto weigh 
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it full of carbonic acid as soon as the diren- strong ptandard sulphuric, nitric, or cliloriiy- 

gagement of gas has ceofied. See below, /o/m- dvio acid. As thus modified, the proct'ss is 

son's mo'lificalion. peculiarly useful for deteriiLining the relative 

CItoicp, of the decompomng acid. UsuaHy the proportions of carbonic add and hasB in un- 
ftcid employed for decomposing the linrbonftte ■weighed qusntities of moist, recently precipi- 
is either sulphuric, nitric, chlorhydric or oxalic, taied cai'bonatep, and in carbon sites wliith can- 
When the substance analyned contiuns a fluo- not bo dried without suffering; decotupot^ition. 
ride, however, some weak non volatile acid, (Stolba, Jovm. prald. Chem., 87. 312), 
such as tartaric t Im theemployed Application to Alkalimetrij, The method 
to set free the b i f if either of now in question is sometimes emploved as an 
■ibe mineral acid w d me fluorhydric alkalimetricprocessfor dotermiQlng tlie value of 
acid would be ev 1 d S Iph acid is to be conimeiTial carbonates of sodium or potas-ijum 
preftrrod for the btatm t f th carbonatos in cases where the carbonates are stion^lj col 
of all those metals wh 1 f m soluble sul- ored. For this alkalimetric detonuimtion a 
phates, but is unfit f d mposi gtbecarbon- form of apparatus devised by Fi-eaenius & 
ates of metals which form insoluble compounds Will is usuaOv employed. Though siinilir m 
nith sulphuric acid, ior the insoluble layer of pi-lnciple to t(ie apparatus above dtscr bi 1 tht, 
sulphate formed by the action of the fii-st por- alkalimeter of these chemists is pnul r lu 
tiona of the acid would cover over a part of some of its details. It may be readilj ni de 
tjie carbonate, and prevent the acid from com- aa Ibllows: — Select two small, light Btrlin 
ing in contact with it. Nitric, or in some in- flasks. Fit to each flask a cork or caoutchouc 
stances chlorhydric, acid must therefore often stopper, and bore two holes in each of the 
be substituted for the aulpburic acid corl,s.- Place tlie fiasis upon a table, side by 

When chlorhydric acid is used to decompose side so tliat they shall almost, but not quite, 

a carbonate, or in case the latter is contnmi- touch one another. Call the flask at tlio loit 

nated with a chloride, the escaping c irbowc hand L, and the other E. Bend a glass tube 

acid should bo made to pass through a tube at two right angles, in such manner that one 

filled with some substance, hke anhjdrous sul leg of the tube may pass into the ilaak L, and 

phat« of copper, which has power t) retain the other into the flask R. Push one k'g of 

both water and chlorhydric acid. To jn'epire the bent tube through one of the corks and the 

the sulphate of copper, boil fragments of pum- othtr through the other. Cut ofi' one leg of 

ice stone in a concentrated aqueous solution of tht tube just below the cork of the flask L, but 

blue-vitriol, and dry and heat the stone until leaie tlie other leg long enough to reach almost 

the copper salt is eoraplelelv dehjdiated and to the bottom of the flask E. Tiirough the 

has become white. A tl-tulDe about 8 e m stLOud hole of the cork in L pass a straight 

hi"h and 1 e. m. bore fiHed with the sulphitt, tube, open at both ends, long enough to reach 

Will usually be found suificiently large it may almost to the bottom of the flask, and through 

be used as long as a third of ita tonttnts re tin, correspondisg hole of the cork in E push 

main uncolored. (Stolba, Dingier i> polylech a similar, but shorter, tube long cnoiigli to pio- 

Jown., 164. 128). In case a carbonate fit to jeetalew m. m. below the cork. — The 

be ticdttd nith sulphuric acid happens to be size of tht flasks must be deteimioLd bj the 

conMmunttil «ith a chloride, the iisk of evolv capacity and delicacy of the bilance it tiie dis 

102 ililnilin IK \cidmay be avoided by imning peal of the operator It the appwitus is to 

the wtiphid tirbonatc with a quantity of a bewu^bcdnpon t dibcito ohriiin il bilnn<e it 

solution of ailphatc ot sihur before adding the miy h' m u' ' lit 1 i i ' ill tli ugtd 

add So too, if the cirbonate contains a sul with t i i i i i ncii bO 

phite 01 a sulphide these ^Its maj be oxidized gnniim i found 

bj treating the weyhod cai bonafe with a solu- more n i ' fl I'^ks 

tinn ol yellow ehromite of potassium before andtoojLi a | 
a<i ding the acid To u-t, the j[i] il i _ijI tube 

In aume cape'? it will be found idvantageous m tht, fift'J. L, i i i i i i jni i- 

to determine the metallic base ottheciibon giaph, pom the i i I i i 1 iind 

at^,, by Alkalunetrj in the solution left m the add to it enough \ i l i il i i i lliiid uf 

fla«k In this event, mix the weighed carbon- theflTil. Pour ennii Ji Mi 1 1^ 'iil^hiuic acid 

ate -Hith a weighed qnanHtj of cij'talh/ed into tht otha flask, E, to half fill it, n, place 

oxalic acid moie thin 'sufficient to detonipose the corkt and -pwh thfm tightly mto the 

thf whrile of the catbouatt thaigc thu tube mouths nf the Ih 1 -: Ld ihc. Lppii itus stand 

■withi\-tLr and it ihc piopci time pour the lo oi ii i i i I 1 i il'li con 

watii ujion the niiMiiK of cid wd ciibonstt staiit i i i|niiiii it 

Alter rfll tilt nibiiiii. i id hi been cpcllcd upon I | ukIioiii 

fiom iht fl =1 d(tcimiiii hnn mudi of the tuhir^ I i i i i I i |iincud 

c\ili. iiid bis been ItJt iuc by titriting mfh to ti t lb ii_liii i In i|jj j hi-' Jo 

in -xV ihiiL olution of known oticngth (tee iliin nid ui k out i, yudll qii intit.) ul iii horn 

AR diiiiilM I Instead of using sohil o\a!ic tbi flai-k E, =o thit a fell tmbblcs of iir imv 

-lud llic lube might be charged with toknbl) e=(ipe fiom L into E, through the sulphmic 
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acid, ta supply the partial vacuum wliich has loosened. The quantity of nitric acid talieii 

been created in R. TJien remove tiie lips must l)e more than sufficient to decompose tlie 

from the caoutchouc tube, and suffer the es- whole of tlie carbonate, 
ternal air to enter K. If the apparatus ia tight, In case the meCailic base of the carbonate is 

some sulphuric acid trill be pressed up towards to be determined as well as lihe carbonic acid 

L, in the bent glass tube, anil will remain eta- (see above, p. 82), a measured quautitj- of 

tionarj' in tJie tube. Wat<^h the column of sul- standard acid must be introduced into the 

Shurie a«id for a few minutes to see tliat it bulb-tube. To tliis end, hold the tube point 

oes not sink back into R, and then suck a upwaivls, warm the point over a lamp, and 

quantity of air iroui R, somewhat larger than touch it with a bit of taJlow in such nianuer " 

before. On removing the lips Irom the caout- that a little of the tallow may solidify in the 

choQO tube, a portion of the sulplinric acid in tube, and close it water tight. Then invert 

R is forced over into L, and decomposes a cor- the tube, fill it through the upper openiog vrith 

responding quantity of the carbonate therein the acid, measured from a Muhr's burette with 

contained. The carbonic acid set free passes fine point, plug the upper openiug in the usual 

through tlie sulphuric acid in K, and is thereby way, and heat the potnt of the tube geutly un- 

dried nefbre escaping into tho air throi^h the til the tallow is melted. 

open, upri^t tube. As soon as the cfierves- After the apparatus has been counterpoised 

cenee in L slackens, suck out more air from R, carefully pu^ down the l)ull>-tube until it 

so that a new quantity of sulphuric acid may touches the water, and at intervals loosen the 

be forced over into L, and repeat tlie opera- plug so that small quantities of tlie nitric acid 

tion at intervals until the whole of the carbon- may flow out upon the cai'bonate. As soon as 

ate is decomposed. When tho efFervescencehaa the carbonate has been completely decomposed, 

entirely ceased, force over a coniparatiTely suck air through the apparatus as before, and 

large quantity of the sulphuric acid into L "o finallj heat the contents of tho Ih'-k L to m 

that the contents of that flask may be Lon=id cipient bodmg in order to '•ct frue the I ist 

erably heated. After a few moments, remove traces of the gas 

tho plug from the upright tube in L, attach to , Aj/plicaiwn to i-cideinehtj The \oHtihty 

the tube a chloride of calcium tube, and by of carbonic acid has been made the basis not 

means of the caoutchouc tube at the other only of i process of alkahmtfij as just de 

flask, suck air through the apparatus until ibis scribed but of d method of acidimctrj js ikU 

air no longer tastes of carbonic acid. Let the It is in fact casj to cslimate the strength oi iiiy 

apparatus stand at rest in the room of constant sample of acid, by wei^hmg tli:, caibunie tid 

temperature for 2 or 8 hours, replace it upon set free from bicaiboi at*, of "oJimi Ij the 

the balance, and faring the latter into equmb- acid in question J'he operitiun is ibftill iis — ■ 

rium by means of weights. Tlie sum of the In tin, fliuk L of tin i| [ I ill nb d 

weights added indicates the amount of cnrbonj'" is Li^h out i m\ in i -? 

acid which has been expelled from tlii- sub amii 1 1 and it it it 

stance analyzed. with witu In l t di 

Molcc.>,tof.M.kc.wt.of . WLrfCOa. Wlotr.»,COo fiH -^loUt t thlt 1 ill 

COi • Narf>Oa ftnnd ■ In.iunil- gj ,ss tube compiLt > ) L I I 

Tolerably accurate results may be obtTined dii m o of pttT^ium Tie a thu. d to tht 

by this method, unless the proportion tf eai tubi and lia i„ it m thi, flask L b> pit-sin^ tlie 

honic acid in the substance analyzed is -very tliii id bitiuLLn tin, cork and tin, nick ol tin, 

small. fi !■ 1 Th(. quantity ol bitaibon it(, t iki.n iiiu t 

To fit the apparatus just described foi tlie be moie tliau sufficient to «aturit< thu i id in 

analysis of lime-stone and the carbonates of th(,fiaBk the salt must befitt hoin mm k iv 

other metals forming insoluble sulphate'; re bonatc buttheprraoneeof cbloiide oi ulphatt, 

place the straight, upright tube in L by 1 tube ete ot sodium doeanohai-m Inttlni lesptets 

which has been blown to a somewhat ta].i s the pparatus is charged m the ininnu alieaU 

bulb near the top, and drawn to a fine po nt desc ibed in the cise where the uj ri^ht tube 

at the lower end. The apparatus is cha ged »n I a straight After tho appantus his bem 

as before with the exception that the bulb-tube counte jioised, loosen the coik of tho ll.isk L, 

is filled with dilute nitric acid, and that at the bo that the thread may slacken and let the tube 

start the lower part of the tube is not pu bed ol 1 carbonate fidl to the bottom of the flask, 

so deep into tlie flask as in the other ca e and at the same instant replace the cork as 

Care mast be taken that the point of tl e 1 ulb ti„l tlj as possible. Carbonic acid is given oft' 

tube does not touch the water in L until iter violently at first, then for some time at a uni- 

the apparatus has been counterpoised on he form rate, aftenvards slowly until the evolution 

balance. ce e When no more gas is evolved, put the 

Like the straight tube of the apparat s p flisk L in water of from 50° to 55° C, so hot 

viously described, the bulb-tube must lei 1 thrf,t tl e flnger cannot long bo held in it, and 

at tiie top with a moveable plug so thit n ne when the renewed evolution of gas thus ocoa- 

of the nitric acid can flow out until tl pi ^ s sjo ed has ceased, suck air through the appa- 
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ratus, as before. When practicable, enough gas. Then plug the lop of the chloride of csl- 

auid should be taken to set i'ree a gramme or cium tube, disoonuect uie apparatus from the 

two of carbonic aeid. source of carbonic acid, plug the upright tube 

and immediately weigh. Take care to handle 

In Johnson's Modification of the foregoing the apparatus tarefuify so that its temperature 

method of estimating carbonic acid, the appa- sbnll not be changed by the wamitb of the 

ratus is weighed full of carbonic aeid, both be- hands. After weighing, loosen the plug of the 

fore and after the experiment, so that there ie chloride of calcium tube, and. boldmg the 

no need of sucking out any gas from the flask, flask by a wooden clamp, incline it so that the 

The dessicating material has consequently to acid may flow over upon the carbonate. The 

dry only as much gas aa is yielded by the sub- decomposition shouW proceed slowly, so that 

stance subjected to analysis. The process thus the escaping gas may be thoroughly dried. As 

modified is much better than before, and is soon as the whole of the cartonate has dis- 

decidedly to be preferred to the old method in solved, replace the plug in the chloride of cal- 

all cases where the substance to be examined cium tube an<l weigh the apparatus. ■— Alt 

dissolves freely and completely in cold acid. the joints of the apparatus must be gas-tight; 

The apparatus may consist of a light, wide- should there be any leak it will be made evi- 
mouthed flask or bottle, from 3 to 3.5 c. m. wide dent at the final weigUng, by a slow but steady 
by 6 c. m. high, closed with a caoutchouc stop- loss of weight as the apparatus stands upon the 
per, to perforations in which are fitted an up- balance. If all the jomts are sufficiently tight, 
right chloride of calcium tube and the bent the weight will remain the same for at least 15 
end of a tolerably capacious bulb-tube, which minutes. Since the temperature of the flask 
serves as a reservoir of acid. A good chloride usually rises a little during the solution of the 
f>f calcium tube may be made by blowing two carbonate, it is best, alW the decomposition 
oblong bulbs, each 2.25 c. m. broad, on a glass of the latter is completed, to plug the chloride 
tube. When finished, the tube may be abont of calcium tube and leave the apparatus at 
10c. m. long. The lower bulb Js filled with cot- rest for 15 minutes; then connect with the car- 
ton, tlie upper with small fragments of porous bonic acid generator as before, and pass dried 
chloride of calcium, and the top of the tube is carbonic acid &r a minute before weighing, 
closed witli a rubber connector, plugged with When properly executed, the process gives 
a bit of glass rod. The acid reservoir may extremeij- accurate results. It is essential, 
be made oy blowing an oblong bulb about however, that the operation and the weighings 
8 c. m. wide by 5 c. m. or more long, on a tube be conducted in an apartment not liable to suu- 
of about 7 m. m. internal diameter, and bending den changes of temperature. A slight change 
the tube in such manner th^t while the bottom of temperature or of atmospheric pressure be- 
of the bulb, or rather the bent tube imme- tween the two weighings greatly impwra the re- 
diately adjacent to the bottom of the bulb, suits, or renders them worthless. 
shall rest upon the table, close beside the flask, In the case of alkali-inetals which absorb 
there shall be a short, bent delivery tube carbonic acid gas, a small bottle of thick glass 
to connect the upper, narrower end of the and wider mouth should be used in place of 
bulb with the rubber stop{>er, and at the other the flask above described. Tlie stopper of this 
end of the bulb, a tube pointing upwards and bottle should have three holes, the third to 
reaching to the level of the top of the flask; carry a narrow tube 3 or 4 inches long enlarged 
this longer tube serves for the mtroduction of below to a small bulb, to hold the carbonate, 
■carbonic acid at the banning of the experi- This bulb must be so thin that on pushing down 
jnent. The extremity of tlie upper or delivery the tube within the bottle, it shall be easily 
tube reaches fitirly through the rubl>er stopper; crushed to pieces against the bottom of the lat- 
it is ground ofi' obliquely, so that no drop of tcr. The carbonate is weighed into the bulb- 
iiquid can be held in it. At the lop of the tube, the latter is wiped clean, corked and fixed 
tube for introducing carbonic acid uiere is a in the rubber stopper. TTie apparatus is fillej 
short rubber connector with a glass-rod plug. with carbonic acid and weighed- The bulb is 

The actual analysis of carbonate of calcium, then broken and the process proceeded with 

for example, is made as follows; — Put from precisely as above described. (S. W. Johnson, 

lialf a grm. to a grni. of the substance, best in Amer. Joum. ScL, 1%%^, ^6. Ill, and the 

the form of small fragments, into the flask, American edition of Fresenius's Quant. Anal., 

Till the bulbed acid reservoir nearly full of New York, 1870, p. 202. The apparatus is 

«hlorhydric acid of 1.1 sp. gr. Fit the rubber figured in both places), 
stopper, with its appurtenances, tightly rata 

the mouth of the flask; remove the glass-rod 2. By measuring the carbonic acid gm. The 
plugs, connect the upright tube with a self- process is applied to the determination of car- 
regulating carbonic acid generator, and pass a bonic acid in soils, manures, mortars, marls, 
rather rapid stream of washed carbonic acid bone-black and the like. Also in the analysis 
through tlie apparatus during 15 minutes, or of mineral waters and blood. Like the forego- 
until the acid in the bulb is saturated and all ing method it may be used for estimating the 
IJie ^r in the flask has been displaced by the alialimetric value of the carbonates of potas- 
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CARBONIC ACID. 85 

mam and sodium. For the detenniniitioii of lectiag; bottle and the ziac cylinder, the latter 
SDiall quantities of carbonic acid, the method is made tight; it is then filled with wat«r. The 
by measuring is tiought by some chemists to collecting bottle is also filled with wattir, to- 
be preferable to eillier of the other methods. gether with enough fatty oil t« form a thin 

Ab described by Pfaff (^Handbuck analyl. layer upon the surfece of the water. 
Chem., 1824, 1. 505; 2. pp. IS, ?;), the pro- In an actual analysis, a weighed quantity of 

cess consisted in putting small fragments of the the substance, such as marl or lime atone, to 

caf bouate into a graduated tube charged with be examined, is placed in the decomposing t>ot- 

chlorhydric acid, and placed, full of mercurj-, tie. The retort is three-fourths filled wifli di- 

in a mercury trough. In case the substance lute chlorhydric acid of 1.05 or 1.07 sp. gr., 

ta be analyzed was in the state of powder, it and the stopper ta which the retort is cemented 

was done up to little pellets in paper which is carefully greased and inserted in tlie neck of 

had been previously leached with cnlovhydric the decomposing bottle. The apparatus is left 

acid. Due allowance was made for tempera- in a room of t^ilerably constant temperature 

ture and barometric pressure. — The more until the retort and decomposing jar, as well 

modem methods are as tbllows ; — as the water in the zinc cylinder, have acquired 

A. Method of Schulze. This method may the temperature of the air of the apartment, 
be used for estimating the proportion of car- The stopper of the collecting jar is then 
bonate of calcium, or any other carbonate, in smeared with tallow and inserted in its place, 
ro^, soils and manures, and in general for all and the glass tube in the side orifice of'the col- 
cases where the substance to be analyzed is lecting jar is turned perpendicularly down- 
bulky, the volume of gas to be evolved is large, wards. A beaker is placed beneath this tube 
or the evolution of ^as attended with frothing, to catch the water which flows from the eol- 
The apparatus required consists of two glass lecting bottle. If tlie apparatus is tight, only 
bottles, one for decomposing the carbonate and a small quantity of water will flow from the 
the other for collecting the gas set free, a tu- bottle when the tube is turned down. Incline 
bulated retort to hold the acid by which tlie the decomposing bottle to such an extent that 
decompositmn of the carbonate is to be effected acid may slowly flow from the retort upon the 
and a small metallic water-tank to cool the carbonate in the decomposing bottle. The 
collecting bottle. — Heat the upper part of carbonic acid evolved will pass ove 'nto the 
the neck of a small tubulated retort in the collectingjar, while water will flow o t o tie 
flame of a blast lamp, and bend the softened latter into the beaker to make roon f the 
glass in such manner thattheneckoftberetort gas. As soon as the decomposition fin h d 
shall point almost perpendicularly downwards, prop up the beater beneath the tube of ha 
Obtain a stout, two-necked bottle of ai>out 350 collecting jar so that the mouth of he ube 
«. 0. capacity, for the decompiling jar, and an shall be immersed in the water, at d set I e 
aspirator-flask of 1 or 1.5 litres capacity, for decomposing bottle in a jar of wate of the 
the coUectJng bottle. One of the orifices of same temperature as that in the zin 1 nd 
the decomposing botde must be tolerably wide. As soon as all parts of the appara is ha e 
and thick and strong in glass, while the other acquired a common temperature, remo e he 
opening is made in the form of a plsun prmect- beaker of water, turn the water deb e y tube 
ing tulw. To the upper orifice of Ihe coUect- of the collecting jar perpendicularlj iipwa )s 
ing bottie, and to the wider orifice of the de- take out the stopper of the retort for an onent, 
composing bottle, fit perforated ground glass again turn the water tube downward and col 
stoppers. Cement the neck of the bent retort lect by itself the small quantity of wa e wh h 
into tiie perforation of the stopper of the de- flows from the collecting jar. Measure this 
composing bottle, and a short, straight glass water and note the quantity. Measure also 
tube into the perforation of the stopper of the the water which was previously collected in the 
collecting bottle. Connect the two bottles by beaker. The difference between the twoquan- 
means of a caoutchouc tube, one end of which titles will^ve the volume of the carbonic acid 
is tied to the projecting neck of the decompos- under the existing conditions of temperj 
ing bottle and the other to the straight glass and barometric pressure, — subject also 



tube in the stopper of the collecting bottle, correction for the tension of aqueous vapor at 

Place the collecting bottle in a zinc cylinder as the temperature in question, 
tall as the bottle and provided with a lateral Theweight of the carbonic acid obtained may 

opening near the bottom corresponding to the readily be calculated from the volume, by refer- 

oriSce in the side of the Imttte. Close the side ring to the linown specific gravities of carbonic 

opening of the bottle with a cork carrying a acid and air, or it may be determined still more 

glass tube bent at a right angle, the longer simply by decomposing a known quantity of 

hmb of which projects upwards a little higher pure carbonate ot calcium in the apparatus, 

ttian the top of the botue. The bore of this The weight of the volume of carbonic acid ob- 

tuhe should be about 4 or 5 m. m. in diameter tmned from the pure carbonate being known, 

excepting the point, which is narrowed to 2 o priori, this volume may be directly compared 

m. ra. By means of a short piece of caoutchouc with any other volume of the gas. By operat- 

tubing tied to the lateral tuoulures of the col- ing in this way, moreover, severd slight sources 
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of eiioi incitlental to the metliod of evptn the liquoi Tlieiohimeot hv<'i<^eR equi\ilent 

es'n\ I I |i I I LI I I mtiBTiii.J volume (jt n i n I IimIix)- 

coin}i „cn — ^ This iiiith ul by 

ofiii I hidioj^an heconiti i ji I | 'i lIlJ 

Atii L I iiiiLi (It nitric and oJ^hc juiiU iinic ii\irii ana othtr 

ti nmi I I iilc atoiL aiihstancLs capable at preventing the evoluticm 

o± th I I I I I " 'i^nd of hidrogen Soils, fbi examjile, notonlj con- 

ili II iltiniLld tsm iihstiULOS which combine- with and letiiii 

cii I I T 1 r hi drafren, but the zme powdei beeomis 
I' I I ti.lj enveloped bj the eu-thypirtides 

w il I L I I L_ timns requued in oi'der that the 

indi I I i'le niLta] may dissolve In ordtr to 

tiiii t'l I iilionic acid bj hydri^en therefou, 

thi. li 111^1 soils, minures and the hkc, it is 

it(] 1 I I I I I I to treat tbo zmc with acid iii i =pe 

ei illi d and to lead the free hidro^en 

the 1 1 I I I III I 'l till solution of (.aibonic aud 

5toii|i II 1' I hl'>i \. 1 micmont way of arranging the appari 

hulji I ' I il 1 Oo or tus is to interpose a second two necked bottle 

1 07 111 d affect between the aeeoiupodng and oolleotinff bot- 

tlit t I I I i!u ippii tlcfl Ilie oniiLes of this Becoud bottle ue 

fltii L I I (.loied with ptifmated oaoutehoiic stujiptra, 

bit in [ I through one ot which a glass tube pasits to 

vdii I llie bottom of the bottle Tho upper end of 

fiml 1 1 I til!'! gH's tube is connected, bj nitans of i 
nlm^ ^^ I ' I I ' I' i' I" tube, wjth the outlet of the decom- 

Biib't uiei IS bu hiLi I I I little A short, str'Uf.ht glass tube 

quintitv ot liqi i ' I ' ''"- perforation of the uthti stoppti 

snbstanee in oiil i i i d bj moans of another flexible tube, 

mit mivbo uliil n '' ' , ' 1 top ot the collecting bottle llieMib- 

ot cour=e retim'j ■x hi mt t\ ut eiibniK ii id stinti to be analyzed is placed in the new tivo- 

iting the e\peiiment necked bottle together with a teat tube full of 

1 been mixed with a chloihjdnc icid of 1.05 sp. gr., while the 

quintit> ni unit mil lud i iiiiich nater as weighed /inc powder is placed in the old de- 

wi« II I I I I tlu-aource toniposing bottle. After the Apparatus has 

of M I I I I Int accu been pio* ed to be tight, the bottle which eon- 

riti 1 I nil mate taius the caibonata is inclined so that the acid 

rial LI II I |ii(cntof la the test tube may flow out into the bottle, 

eiiboji It! Ill Ji luiii 111 (i]jii LtiTi, nitli theao and, hnajly, acid is made to flow from tlie r&- 

eartli) niiteiiiN, the dei-ompu"iiy jar must be tort upon the zinc powder. When no more 

fittU shaken in ordui that earboni^ acid maj hydrogen is evolved, fift the long tube in the 

escipe find til p (nntiv>l pTpciiment witOi the now two-necked bottle, out of tie lirinid, bring 

maibl II I t I 111 1 t 1 tn tl e taoH, imount the ■xpp'uatufi to a common temperatore and 

of i_i il I iti(% of caibonic acid inea-'uic the iiater in the beaker as before: (F. 

retiuL I Lj 1 ir that mattei, he Sehul/e, Zeiisch. ancU^l. Chew.., 18(i3, 3. 

drfiii I 1 sciies of cipori 28D) 

mini". II I I'l III the carbonic acid ■ 

mn 111 d ] hr ilhrinitle iiatcr hj means of B Method of L. Meyer, for determining 

hjdiOiL,en To this end miu -nitli the carbonate caibonic aud in mineral waters and in blood, 

to be iinli 7ed a weijdied quantity of ?inc In order to remove carbonic acid (and otlier 

powder, nth {trHinme of whieh has been found gasei) from a liquid, Meyer employs a modifi- 

capiblt, b) prt\ions experiments, of evolving cation ol the apparatus of Ludwig' based 

a eirtain numbei of c c of hjdiogen, when upon the prmeiple of the Torricellian vacuum. 
t^e^ted nith ehiorhjdno acid On pounng This apparatus may be roughly described as 

chloihjdiic aeid l.om the retort Into the de- follows. — & stout glass vesselof about 700 c. c. 

composing flask the carbonate will first be de capicity, filled with mercuiy, is attached to a 

composed before much of the zinc is acted long i ertical tube, also full of mercury, in such 

upon, so that hydrogen will continue to be set manner that on allowing mercury to flow from 

free in the liquid long after tlie earbonite has the bottom of the tube avacuum can beftirmed 

been completely decomposed. If enough /inc 

be used, die hydrogen will sweep forwird into 

the collectingjar almost all the carbomc icid g'"-"! ^^'.^Y"*! 'm'* "^rt^' *"■'"'"■ ^^ '^'^' 

which would otherwise have been retained by aiu^yt''cliaa..'is^s!^. ' 
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in the vessel. The flask ■w&ch contains the receive the water which is expelled from the 

mineral water is connected with the "lass ves- flaslc through tlie expansion of the liquid hy 

Bel by means of a flexible tube closed with a hea,t, and also for the reception of tlie tartaric 

screw compressor, so that on openin" the latter ficid which is added to expel the combined 

the gases contained in the water will be given carbonic acid. After tie water flask has been 

off to supply the vacuum. Ae soon aa any connected with the glass vessel, a vacuum es- 

•considerabie quantity of gas has escaped from tablislied in the latter, and the compressiun 

the water the compression cock is agam closed cock opened, the greater part of the carbonic 

and the gas forced over into a collecting tube, acid escapes from the wat«r immediately with 

staniliug in a pneumatiu trough beside the vac- cuusiderable violence. As soon as the first 

uum jivr, by pouring mercury into the latter, portions of the escaped gas have been forced 

The vacuum IS then re-established as before, over into the collecting; tube the flask is heated 

and tlie compression cock again opened so that on a water bath, gently at first, but afterwards 

a new quantity of carbonic acid may exhale more strongly, until no more gas is evolved 

jrom the water; the glass vessel is thus alter- jrom the water. The collecting tube is then 

nately filled and emptied of mercury as long as removedand a solution of tartaric acid, ivhich 

any gas continues to escape from the water, has previously been freed from air by exposure 

The flask -which contiuns the water is heated ia tlie vacuum apparatus, is drawn into the 

after a while to facilitate the escape of carbonic large glass vessel throngh the delivery tube 

acid, and at a certain stage of the process tar- which connects this vessel with the colleeling 

taric acid is added to Oie water, in order to tube and pneumatic trough. By opening the 

expel any carbonic acid which may have been compression cock of the water flask the tartaric 

previously held in combination b^ a base. acid is then adnliitted to the water, and the last 

The proportion of oaJ'bonic acid in the gas portions of the carbonic acid are tlioitiby ex- 

thus set free is theu determined by the usual pelled. (Lotliar Meyer, Zeitsch. analyt. Cliein., 

f isometric method described under Hydrate of 1863, 2. 237). 
otassium. 

For detiuls of the method employed for col- C. Method of E. Dklriclt. Applicable to 

lecting and analyzing the blood of animals the the determination of carbonic acid in cements, 

reader is referi-ed to the article of Heidenhfun bone-black, precipitates and minerals. 
(^Zeitsch. analyt. Chem., 1863, 2. 122). With The apparatus required consists of a small, 

mineral waters Meyer proceeds as follows; — iride-monthod glass bottle, in which to generate 

Tlie water is collected at the spring in ordi- the carbonic acid, and two narrow glass tubes, 

nary bolt-heads of about 1 litre capacity, whose by means of which to measure the gas. The 

throats have been drawn out to the width of two tubes are of the same length and caliber, 

about 1 c. m. The flasks maybe closed se- and are held in a vertical position upon a table 

curely with thick caoutdiouc tubmgwhich has bv means of appropriate rods and clamps, 

been freed from adhering sulphur by boiling Each of the tubes is capable of holding a little 

with soda lye or sulphj'drate of ammonium, more than 100 c. c. Tba tube nearest the de- 

and afterwards soaked in fat upon a water composing bottle fcalied the measuring tube) 

bath. The walls of this tubing should be at is graduated to fifms of cubic centimetres, but 

least 5 m. in. tliick ; aflfir the treatment with the other tube ' ■ . ■ ■ . ■ 



lat the tubing sltould he washed firat with al- mere pressure tube. Both tubes are cemented 

cohol, then with water, and dried. ^ Before at the bottom into iron caps, provided with 

forcing the tubinif over the neck of the flask short, projecting, verticalpipes,to whichcaout- 

th.0 lat|ur should te smeared with a hot niix- ehouc tubing may be tied. The top of the 

ture of fat and unvulcanized caoutchouc. The graduated tube is in like manner cemented 

rubber tube is then tied tightly to the glass with shellac into au iron cap which has a 

irith fine, soft iron wire, and .the flask sunk lateral as well as a vertical projection for 

in the water of the spring. When a sufficient lie attachment of caoutchouc tubes. But the 

quantity of water has run into the flask, the top of llie pressure tube is left open, or only 

caoutchouc tube is closed under water with a partially closed with a perfoi-ated cork. The 

screw compressor, a glass rod smeared with measuring tube is fastened to its supports in a 
the mixture of fat and rubber is pushed into * fixed and immovable position, but the pitssm'e 

the outer end of the tube and the tube is lied tube is so arranged that it may be readily 

to the rod with wire, as before. In flasks thus pushed up or down in a vertical plane, 

closed, mineral water can be kept fiir days or The two glass tubes are connected at tlie 

weeks without loss of gas. ^ In order to bottom by means of a caoutchouc tube which 

attach one of these flasks to the vacuum appar- must I>e as long as either of tlie glass tubes, 

atus, take out the glass rod and put in its place To free the vulcanized mbber &om sulphur, 

a bulb-tube about 10 c. m. long, of 20 or 30 c. c. boil it for some time in moderately dilute pot^ 

capacity, attach a secondoaoulchoucconnecfor ash lye. A perforated caoutchouc stopper, 

to the other end of the bulb-tube, and tie it can-ying a straight glass tube, is fitted to the 

to the orifice of the glass vessel in which tlie decomposing bottle, and the bottle is put into 

vacuum is produced. This- bulb- tube serves lo connection with the measuring tube by means 
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of a caoutehoue tube, one end of which is lied 4, 145) haa drawn np tables of ci 
to the pipe in the stopper of the bottle, and the be applied in compunsation for tliis sourte of 
other end to the lateral projection in the iron error. — As soon as the evolution of ear- 
cap of the measuTiiig tube. A short piece of boniuacideeaaes, thedecomposing bottleshould 
caontehouc tobiiig, carrying a screw compressor, be placed in water of the same temperature as 
is attached to the -vertical pipe at the top of that of the air of the apartment, in order to 
the measuring tube, so that the tube may bo remove the heat developBd by the chemical 
opened orclosed at will by tmTiing the screw, action. Or, better, the decomposing bottle 

Enough qjoicksllver is poured into the ver- may bo kept in water during the course of the 

IJoal tubes to fill one of them completely, to- ■ experiment, and, if need be, the gas may be 

gether with the caoutchouc pipe which con- made to flow through a leaden worm sunk in 

necta the two tubes. To prove tlie ti^Htness water with the decomposing bottle. — In 

of the apparatus, place the stopper in uie de- case more than 100 c. c. ,of carbonic acid are 

composinfT bottle, open the screw compressor to be given off from the sample of carbonate 

■ the top of the measuring tube, push up the under esauiination, the gas mast be measured 

e tube until the mercury has risen to the by portions. To this end, pour the chlorhy- 

top or 0° inark of the graduated acale, and dric acid, little by little, upon the carbonate, 
lilamp the pressure tube in that position. Then in such manner that the evolution of gas may 
close the screw compressor on th.e graduated cease before the measuring tube is completely 
tube and lower the pressure tube as for as pos- filled with it. Then slip a screw compressor 
Bible. Tlie column of mercury in the nieasur- over the rubber tube which eonneels the do- 
ing tube will instantly fall a little when the composing bottle with the measuring tube, 
pressure is thus removed from it, but if iJie close the tube tJghtly, and measure the gas 
apparatus be tight the level of the mercury which has been evolved; discharge the meas- 
will afterwards remain unchanged as long as ured gas, refill the measuring tube with mer- 
Ihe temperature and the pressure of the air cury,loosen the compressor attached to the 
remmn constant, tube of the <ieeompoMng flask, and pour another 

In an actual analysis, place a weighed quan- portion of chlorhydrie acid upon the carbonate 
tity of the carbonate to be examineii in the which still remains nndecomposed. When a 
decomposing bottle, together with a small gltiss large quantity of carbonic acid is developed 
tube or bottle two*tTiirds filled with dilute in fliis way, the error depending upon the ab- 
chlorhydric acid. Cork the bottle tightly, fill sorption of gas by the liquid in the decompos- 
the meaauring tube with mercury to the zero ing bottle may be readily allowed for. It will 
mark, close uie screw compressor, lower the be suflicient to measure the chlorhydrie acid 
pressure tube and tip the decomposing hot- used, to estimate how much carbonic acid 
tie so that the acid In the tube within it may wouhl be absorbed by a similar volume of water 
flow upon the carbonate. When the evolution at the temperature in question, and add this 
of gas has ceased, and all parts of the appara- volume to the measured "volume of the evolved 
tus nave again acquired a Dommon tempera- gas. Up to 300 or 400 c c. the errors inci- 
ture, lift the pressure tube until the mercury dental to measuring do not materially affect 
Btands at the same level in it and in the meas- the accuracy of the results, (B. Dietrich, 
nring tube, and not« the volume of gas in the ZeUsch. analyt. Chem., 1864, 3. J62 and figure), 
latter. Correct the observed volume for tem- 
perature, barometric pressure, and the tension D. MeOiod of Rvmpf. , Seeking to simplify 
of aqueous vapor, and ealonlate the weight of tlie method of Dietrich, Rumpf (Zeiisch. analyt. 
die correuted volume from the known sp. grs. Chem., 1867, 6. 398) has constructed an appa- 
of cMbonic ai;id and wr. For Dietrich's table, ratus which may readily be made from mate- 
giving the weights of cubic eentdmetree of CO, rials to be found in every laboratory. This 
under barometric pressures ranging fi^m 730 apparatus eonsi-sta simply of an ordinary Mohr's 
to 770 m- ta., at temperatures from 10° to 25°, burette of ft^m 30 to 50 o. c. capacitv, a hy- 
see Zeitach. analyt. Chem., 1865, 4> 142- drometer jar, test tube, and small, wide- 

Tbe chief source of error to be taken into mouthed bottle, ttgether with a cork and con- 
iicoount depends upon the feet that a consid- nectors of glass and rubber tubing. The car- 
erable quantity of carbonie acid remains dis- bonate to bo analyzed is decomposed in the 
solved in the liquid in the deromposing bottle, bottle aCd tlie evolved gas measured in the 
The quantity of carbonic acid thus dissolved is burette which is inverted for tlie purpose in 
found to be greater in proportion as the quan- mercury contained in the hydrometer jar. 
tity of gas evolved is greater. Thus in a case To construct the apparatus, fit a caoutchouc 
where 92.8 c. G- of carbonic acid gas were de- stopper, having three holes, to the decomposing 
veloped, 4.6 c. c, of carbonic acid remained bottle; fix a thermometer in the middle hole of 
dissolved in the liquid in the decomposing bot- the stopper, and a short straight glass tube in 
tie, wlfile in another ease where 0.9 c. c. of gas each of tlie other holes. To one of the pro- 
were set tree only 0.3 o. o. remiuned dissolved jecting glass tubes tie a short rubber connector, 
in the same quantity of liquid. Dietrich (see and close it with a spring clip or screw com- 
Zeitsch. analyt. Chem-, 1864, 3. 166 and 1865, pressor. To the other projecting tube tie one 



,, Google 



CAHBONIC ACID. 



end of a thick rubber tabe, the other end of 
■which haa been previously tied to the point of 
the burette- — Put a weighed quantity of 
the carbonate to be analyzed into the deeom- 
poaing bottle together with a short test tube 
two-thii'da filled with a measured quantity of 
chlorhydric acid. Replace the stopper, open 
the spring clip, and sink the burette in Uie 
mercury m the hydrometer jar until the last 
diriaion mark upon the burette is level with 
the surface of the mercury. Close the spring 
clip and tip the bottle so that acid may flow 
out of the test tube upon the carbonate. When 
the evolution of gas has ceased, take hold of 
the rubber covered point of the burette, and 
push the latter into the mercury until the sur- 
^e of the metal is at the same level inside and 
without the tube. Eead off the number of c. c. 
of gas in the burette; take &e height of the 
thermometer and barometer and proceed to 
calculate the wdight of the gas, taking care to 
allow for the tension of the aqueous vapor con- 
tained in the gas, and for tiie volume of gas 
which remains dissolved in the liquid in Uie 
dceomposing bottie. (Compare the desoriplion 
of Dietrich's method, above). 

E. Method of ScheWer. Employed exten- 
sively in Germany by sugar manufacturers, for 
estimating the proportion of carbonate of cal- 
cium in t«ne-black. The process is applicable 
to the analysis of any carbonate which eaji be 
decomposed by cold chlorhydric a<!id, is easy 
of execution and jnelds very accurate results. 
The rather elaborate apparatus required maj" 
be obtained of the dealers in German chemi- 
cal wares. For a figure and detailed descrip- 
tion of it see JFVesenius's Quaniilative Analgats, 
London, 1865, p. 712, or either of the later 
e<litions. The method here alluded to must 
not be confounded withanother process devised 
by Scheibler for estimating carbonic acid in a 
aiisture of gases by absorption in potash lye. 
(See Hydrate of Potassium). 

F. Method of Russell. Applicable to the 
determination of carbonic acid in carbonates, 
and to the v^uation of oxides, such as bin- 
oside of manganese, which give off carbonic 
acid when mixed with osalic and sulphuric 
acids. ^ The apparatus required differs 
but little from that devised by Williamson & 
Kussell for the analysis of gases (see Proceed- 
mgs of London Royal Soc, 9. 218; ihrther, 
Joum. LoitJon Ckem. Soc., 1868, 2Z. 138). 
The latter con^sts simply of a tubular pneu- 
matic troi^h, a eudiometer tube and a pres- 
sure tube with clamp-rods to hold the tubes in 

According to Russell, the pneiHnatic trough 
may be made of sheet gutta percha half an 
inch thick. Seen from above this trough is a 
pear-shaped bos, 8^ inches long, in the clear, 
by 3| inches wide at the broadest part. The 
sides of the trough are S.o inches high, and at 



its centre there is a well in which the eudiom- 
eter and pressure tube may be sunk at will. 
Tlie broader part of the trough is made circu- 
lar so that there may be placed in it a tall glass 
sleeve large enough to envelope both the eudi- 
ometer and the pressure tube. During an ex- 
periment this outer sleeve is kept full of water, 
in order that the contents of the eudiometer 
may bo maintained at a constant temperature. 
The opening of the well is 2.6 inches long by 
1\ inches braad. One part of the well, devoted 
tc the pressure tube, is 14 inches deep, meas- 
ured from the bottom of the trough, while the 
part reserved tor the eudiometer has a depth 
of 19 inches. The narrower part of the trough, 
not occupied by the water-sleeve has a depres- 
sion or channeE in the middle. This channel 
is -J of an inch wide and its depth gradually in- 
creases fi^m the edge of the trough to 1.75 inch 
at the side of the well. (See figure in ■/bum. 
London Chem. Soc., 1868, 21. 129). The eu^ 
diometer is similar to that of Bunsen (see his 
Gmomelry), viz., a straight glass tube closed 
at the top, some 500 or 600 millim. long by 20 
millim. in diameter. It is provided with plat- 
inum wires at the top and graduated and cali- 
brated according to Bunsen's plan. The "pres- 
sure tube" is simply a strusht glass tube of 
about the same diameter as Um eudiometer and 
closed at the top. Its purpose is to hold a con- 
stant quantity of mr t« be used as a standard 
of comparison iu measuring any gas in the eu- 
diometer. To prepare the pressure tube for 
use, a very small drop of water is placed at 
the closed end, and mercury then poured into 
the tdbe until most of the air has been dis- 
placed. The tube is then inverted in the mer- 
cury trough and the height of the mercury in 
the tube marked off once for all. After this 
has been done, any effect which the tise or fall 
of either barometer or thermometer would pro- 
duce on the bulk of the dr in the tube may be 
exactiy counteracted by raising or lowering 
the tube in the mercury-trough until the mer- 
cury ag^n comes to the mark. Before filling 
the eudiometer with mercury a drop of water 
is placed in it so that tha gas to be measured 
may always be saturated with aqueous vapor. 
Any alteraW'on of temperature in the water of 
the sleeve that surrounds the tubes which may 
occur during an analysis will not affect the 
accuracy of the measurements, provided both 
tubes have undergone the same change of tem- 
perature. To ensure an even temperature, the 
water in the sleeve is agitated from time to 
time with a wooden stirrer. Before proceed- 
ing to measure a gas iu the eudiometer the 
gas is brought to exactly the same tension as 
ftiat of the standard volume of air in the pres- 
sure tube. To do this the two tubes are 
placed side by side and the eudiometer is 
raised or lowered until the column of mercury 
within it js of the same height as that which 
is required to bring the air in the pressure tube 
to the original volume. For details relating to 
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For estimating carljonie acid or any other 
gas by lueasurGment, tlie eudioiiKjter above 
described is replaced by a somewhat larger 
graduated tube. Tliis "measuring tube" may 
be 29 inches long and rather more than 0. 75 
inch in internal diameter. At the fop it is 
drawn out to a comparatively narrow tube, 
which is bent at a right angle and left open. 
The hent part is about half an ineh long. A 
piece of caoutchouc tubing 3.S inches long is 
pushed over the projecting hent tube as far as 
It will go, then bound tightly to the glass and 
cemented all around 171111 marine glue. The 
glue Is applied as hot as possible so Qiat it may 
adhere firmly t« the gkss and make a perfect 
joint. The ruhher tubing should be very thick, 
the outside diameter being as much as half an 
inch, while the bore of the tube is only ^ or j^ 
of im inch. The inside of the tube should be 
well vulcanized, but the rest of the tube only 
sliglitly so. 

The carbonate of calcium th 

materiala from which the g be g m 

may be placed in a small ge m n m 
by blowing a bulb at the e g 

The diameter of the glass I 

that the rubber tube above 
fit into it. The rubber tub h m rt 

of stopper to the flask and ee 

simplest way with the nje T 

manipulations are very a mp A 
water is placed in the meas ng 



with the flexible tub 
position within tl 



clamped, juat as a eudio^i. 
fiU the tube with mercury tt p ece 

strong glEKS tubing, aboi 2 
slicbuy tapering at one e to fl 

tube and sink the measurin 
win go into the well of the ti h 
necessary that the well be u^, 

ceive the whole of the ti be 
temporarily a thick rubber 
the glass tube which reach bo h top 
ihc fleeve and applying th ni h 

ber tube, it Is eas^ to suck up the mercury to a 
height of several inches. When the mercury 
has thus been drawn, up to within 2 or '3 inches 
of the top of the laercury tube, pinch tlie rub- 
ber tube for a moment with thumb and finger, 
and plug it at tlie end with a bit of glass rod. 
Elevate the measuring tube so that tho flexible 
tube attached to it shall project above the top 
of the sleeve, and close this flexible tube with 
a screw compressor. Withdraw the thick glass 
tube from the flexible tube, insert the end of 
the latter into the neck of the generatifig flask, 
and loosen the screw compressor so that the 
flask and the measuring tube may communi- 
cate finely one with the other. Bend the flex- 
ible tube so that the 
the water of the sleeve, and ft,Blen the 



this position by means of a rubber ring slipped 
over the claiiip-rod which holds the nieasunng 
tube in pliice. As soon as the flask and its 
contents have acquired the temperature of the 
surrounding water, proceed to measure tlie 
volume of air in tlie flask and tube, as follows: — 
Lower the measraing tube into the well until 
the column of mercury in the tube is of the 
same height as that in the pressure tube, and 
note the volume of gas in the measuring tube. 
This reading gives the amount of air in the 
apparatus before any of the gas to be estimated 
has been evolved. Again elevate the measur- 
ing tube so that the flask may be brought out- 
side the sleeve, and tip tlie flask so that the in- 
gredients within it may be mixed and made to 
react upon one another. Tlie flask may be 
heated at this stage if need be. A second 
measurement after the reaction in the flask is 
compleWd g^ves the volume of gas produced. 
To prevent the substances in lie flask from 
coming in contact out of season, one of tlietn 
is placed in a small tube, which is lowered into 
the flask in the usual way, and care is taken 
to tip the flask prematurely. 
P Ecautiont. To avoid leakage the rubber 
which connects the flask with the meas- 
tube must he slightly wetted. So long 
as his joint is kept wet it remains perfectly 
ii^ but ii" it become dry and there is a high 
1 u of mercury in the tube it will probably 
In order to ensure the presence of niois- 
a piece of wickyam is wound round the 
g of the flask and rubber tube and the 
of the yam allowed to dip into the water 
the sleeve. It has been proved, by direct 
iment, that the varying amount of bending 
whi rubber tubing of the prescribed thick- 
will undergo when the flask is sunk in the 
si does not appreciably alter the volume 
ai in the measuring tube. 

s important that the caoutohouc tube 
b short as possible lest, in determining car- 
m acid, a considarable error arise from the 
a Dtion of the gas by the caoutohouc. In 
xperimant in which the carbonic acid 
0.124 grm. of marble was collected in a 
g IS tube, to the tojf of which was attached 
a piece of the thick rubber tubing some 8 or 9 
inches long, it was found that dthough there 
was some air in the tube, as weli as the car- 
bonic acid which occupied 201.71 divisions, 
the gas at the end of one hour had diminished 
7. 7 divisions, at the end of 2 hours, 9.9 divis- 
ions, 8 hours, 11,6 divs., 4 hours, 13.3 divs., 
and by the next day, 80.8 divisions. With a 
short piece of the rubber tulnng. such as that 
above described, tbe amount of gas which dis- 
appears is about 0.1 of a divi»on of the tube 
every five minutes. — In an ordinary gas 
analysis it is sufficient if we know the reJative 
volumes of gas at the different stages of the 
analysis; but for (he present purpose the nec- 
essary data for converting these, relative vol- 
umes into absolute volumes, and for ascertwn- 
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tlieir weight, mnat be determined. The determined as CMoride of Silver, by titration, 

aurin^ tube ia calibrated in tbu usual may, and fl'om the weight of chlorine 'found, tlie 

andatableof volumes drawn up similar to one equivalent quantity of metal in the residue, 
for an ordinary eudiometei-. ^'he volume of and of carbonic acid in thesubstanceanalyzed, 

mercury which liaa been used in the caiibra^ maybe calculated. According to Mohr (Ti- 

tion is weighed and the temperature noted, trbmsthode, 1S55, 2. 58) ih.^ last named pro- 

The value of one volume in the table, expressed ee^ may be usefully applied in analyzing ajia- 

in cubic centimetres, is then determined by the line carbonates which contain chlorides, and 

formula; — mixtures of carbonates of sodium and chloride 

^ ^ Mxn + oaaiiiijt) of sodium in mineral waterj. The chlorine 

^■"^ ^ proper to the solution is first determined by 

in which w is the weight and ( the temperature titration with nitrate of silver, the mixture is 

of the constant quantity of mercury which oc- then superaaturatwd with cblorhydrie acid, 

cupies the volume V, used aa the standard in evaporated to dryness, and again titi'ated to 

the calibration. 0.0001815 is taken as the oo- estimate the chlorme wHcb has taken tlie place 

efficient of expansion of mercur,', and 13.596 of the carbonic acid, 
as the speciflc gravity of that meml at 0° C. It 

is necessary, moreover, to knov the tempera- 4. By absorbing the gas in an alkaU. [Cora- 
tare and pressure at which th;' measurement pare Principle I]. This method is convenient 
has been made, in order to find the weight of of execution, and jields exceedingly Sccuraie 
the gaa. When the measurements are made results. It is, perhaps, better suited than either 
by means of a pressure tube, it is only necos- of the others &r the ordinary requirements of 
sary to ascertain once for all wnat is the tem- the laboratory. The process may he conducted 
perature and pressure, at the same moment, of as foUows:— Place a flask of about 300 c. c. 
the air in the upper part of the pressure tube; capacity, on a pieoe of wu« gauze laid upon a 
the mercury standing exactly at the mark tripod or ring-stand above a lamp, and fit to 
which indicates the constant volume. When the flask a caoutuhouc stopper provided with 
the weight of dry gas occupying one tabular two perforations. To one of tlie holes in the 
volume of the measuring tube has once been stopper fit a glass tube something more than 
calculated from these data, it is only necessary twice as long as the flask is high; bend the 
to mnlllply any voituae of that caa, which may tube twice, near the middle, into the form of 
be measured in the tube, by Oils constant, in an S. in such manner that the bent portion 
order to obtain the weight of the gas. may be wholly outside the eork^ while enough 

It has been found in practice Jiat the error of the tube is left straight, at either end, to 

which might arise from the retention of oar- reach almost to the bottom of the flask; blow 

bonic acid, dissolved in the hqi id of the flasjc, a small bulb upon the tube at the middle of 

may be avoided almost entirely by employing the bent portion, i. e., at the centre of the S. 

only a alight excess of the dilute atid. The To the other hde in the stopper fit a short 

procw 1' liable fa another source of error, in- glass tube, bent at a right angle, to serve as a 

as nuch as the ten'j on of the g^e in the meaa- gas-deliyery tube. It is well to blow a bulb 

unng tube may be shghtly altered when on the upright part of the 'delivery tube, out^ 

a little of the acid is can el ei into the side the cork, and to grind off the lower es- 

tube But It IS found when upeiatmg with tremity oblique! j' so that drops of water may 

a flask of about 120 e e apieity, that fall from it. Bnng the outer end of the deJiv- 

the alteration oi tension is v si ght unless ery tube into line with a series of absorption 

tbi, reiction in tie flask his been unusually tubes arranged as follows; — 1st, a btilbed U- 

■Molent It IS well tor that matttr to place a tube full of chloride of calciuiq; 2d, a very 

loose plug of cotton wool in the neck of the small U-tuhe filled with fragments of glass 

flask moistened with 8 or 10 drops of concentrated 

The process yielisaccurateres lit' is rapidly sulphuric acid and loosely plugged with ashes- 

evet,uted an 1 legu les onh amall qnintities of tos at either end; 3d, a U-tube charged with 

■ raiter il (Russell Jour i Londa t Cheoi. Soc., soda-Ume and a little chloride of ciucium in 

1SG8 21 510) theordmaiyway, and 4th, a U-tube, the inner 

hmb of which is chained with chloride of cal- 

3. Bi; noting the weight of the residue, or hy cium, and the outer limb with sodar-lime or 

ancdyzi/uj (he re^ue. Dissolve the carbonate hydrate of potassium. The purpose of this last 

in a slight excess of chlorhydrie acid, or other tube is merely to protect the 3d tube from llie 

suitable acid, evaporate the solutionis dryness, moisture and oarbbnic aeid of the air; to the 

weigh the residue, and calculate the weight of outer end of it attach a piece of rubber tubing 

earbouie acid which is equivalent fo it. The 5 or 6 inches long. The ist tube, which should 

method is applicable only to the analysis of be comparatively large, is a mere drying tube 

carbonates free from impurities, and capable of and is never weighed. The 2d and 3d tubes 

forming fixed and definite chlorides, or other serve to absorb the carbonie acid, and are 

salts. Instead of weighing the dry chloride, weighed together. Tlie pm-pose of the aulphii- 

the amount of chlorine contained in it may he ric acid in the second tube is mei'ely ta show 
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the rate of flow of the carbonic acid, but since rated with anhydrous Sulphate of Copper, and 

sulphuric acid abaorhs a certain amount of car- proceed as before. 

bonie acid, this tube has to be weighed with The 2d tube, charged with sulphuric acid, 

the others. may be used over and over again for many 

After the tubes 2 and 3 hare been weighed analyses. So, too, the soda-lime tube may be 

and tightly connected with the other tubes, osed repeatedly, subject to the usual rules 

place a weighed quantity of the substance to which apply to this suhstanee. When large 

be analyzed in the flask, moisten it with water, quantities (a carbonic acid are to be absorbed 

cork the flask, and connect its delivery tube die soda-lime tube may be replaced by Geiss- 

with the 1st tube of the series above described, ler's potash bulbs, or even by Liebig's bulbs, 

By means of a caoutchouc connector attach a if the evolution of gas be careluliy regulated, 

small funnel to the top of the S-tuhe in the (Koihe, ^nnoi. Ckem, und Phanii.,'\19. 130, 

flask, and pour throt^h it a small quantity of and Fresenius, Quantitative Analysis, p. 300). 
mercury to fill the lowermost part of the bend, 

beneath the bulb, in the 8-tube. Then fill 5. Sy absorbing the gas icith an ollcaline earth. 
the funnel and tube with a mixture of equal The carbonic acid generated in the apparatus 
Tolumea of strong nitric acid and water, and described above, paragraph 4, might, of course, 
suck gently through the caoutchouc tube at be collected in the form of Carbonate of Ba- 
the end of the series of absorption tubes, until rium or Carbonate of Calcium. As a general 
a littie of the acid is drawn past the mercury rule, however, the absorption by soda-lime is 
into the flask, The bulb in the 8-tube pre- greatly to be preferred, 
vents the mercury from pasang over into the 
flask with the acid. Principle III. Power of changing the color 

The carbonic acid set free by the nitric acid of blue litmus to violet, 
is dried by the chloride of calcium in the lat Applicalion. Rough estimation of the free 
U-tube, and its rate of flow is made manifest carbonic acid in mineral waters. 
\ty the bubbles which pass through the sulphu- Method. Prepare a standard solution of di- 
ne acid at the bottom of the secgnd U-tube. lute sulphuric acid (see Acidimetry) of such 
As soon as the evolution of gas slackens, suck strength that 1 e, c. of it shall contain 10 mil- 
over new portions of the nitric acid into the ligrararaes of 80^; also a solution of litmus, 
flask until the carbonate has been completely by digesting a quantity of the solid in an equal 
decomposed. If need be, the flask may be weight of cold water. There is required also, 
heated gentry throughout the process. When a concentrated solution of caustic soda contain- 
no more gas is evolved wash out the S-tube by ing some carbonic acid, such as may be found 
fiUin^ it two or three times with hot water and upon the shelves of any laboratory, 
auckmg the water into the flask. Remove the Measure out about 4S0 c. c, of distilled 
funnel from the top of the S-tube and replace water, add to it 1.6 c. c. of the litmus solution 
it with a tube fillea with soda-lime or hydrate and 5 c. c. of the caustic soda. Dilute the 
of potassium; then heat the contents of the mixture with water to the volume of MO c, c, 
flask to gentle boiling until the projecting por- taie out with a pipette 3 several portbna of 
lion of the 1st chloride of calcium tube be- lOOc, c. each, of the liquid, and pour theminto 
comes hot on the side nearest the flask. Ex- three beakers. Place the beakers on a white 
tjnguish the lamp and, by means of an aspira- ground in strong daylight, and pour the stan- 
tor fastened to the end of the 4tb tube, draw dard acid from a burette into each beaker in 
as much air through the apparatus as will succession, until its contents appear distinctiy 
amount to at least six times the volume of violet colored. Towards the close of each op- 
the flask. After the apparatus has become eration it is necessary to wait one or two min- 
cold, weigh the 2d and 3d U-tubes. The dif- utes after each addition of acid, in order that 
ferenee between this second weight of the the change of color, when it does occur, may 
tubes and the weight before the operation, become distinctly visible. The experiment in 
gives the amount of carbonic acid in the sub- the 1st beaker will give an approximately cor- 
stance analyzed. — The other constituents rect result, so that in the second and third 
of the substance may be determined in the trials the operator will be able to hit the point 
nitric acid solution which is left in (ie flask, of coloration with tolerable accuracy. Select 
By using a definite quantity of standard acid the most accurate of the three experiments, to 
and titrating the excess with a standard alkali, the exclusion of the other two, multiply by 5 
as expl^ned above, in paraOTaph 1, after the the number of c. c. of acid consumed in that 
carbonic acid has been exmlled, it is easy, in case, and record the product of this multipli- 
many cases, to determine the quantity of the cation as the quantity of acid corresponding 
base with which the carbonic acid was com- to 5 c. c. of the soda solution. 
bined. In cases where chlorhydric acid is to be It is to be observed that the color of blue 
preferred to nitric acid for dissolving the sub- litmus is not changed to violet by bicarbonate 
stance, fill one limb of the lat chloride of cal- of sodium, but only by free carbonic acid; 
cium tube, — that which is farthest from the hence, when dilute sulphuric acid is cautiously 
flask, — with fragments of pumice stone aatu- added to a solution contEuning carbonate of 
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sodium, no violet coloration will appear until a large number of experimente a]« to be made, 

the sodium compound has all been converted (Zeitsch. analyt. Chem., 1868, 7. ISI. For a 

into sulphate and bicarbonate, and some car- description m the apparatus employed, see 

booic acid has actually been Ket free from the Tyndall's Heat a Mode Df Motion). 

latter by the addition of a drop of sulphuric Carbonate of Ammonium. 

acid in excess. It will be noticed, also, that Principle I. Power of neutralizing acids, 

since all the carbonic acid is in the state of a Application. Kstiination of carbonate of am- 

hicarbonate at the close of the neutralization, monium in commercial samples. 

two molecules of this acid must be reckoned as Method. See Alkaliiaehy. Mohr (IVfriV- 

equivalent to, or as replacing, one molecule of metkode, 1856, L 68) found that the results ob- 

SOj. Hence, if 1 c. c. of the standard sul- t^ned by supersaturating carbonate of ammo- 

phuric acid contains 10 milli^ms. of 80j, the nium with oxalic acid and titrating the excess 

c. o. will correspond to 1 1 milligrms. of COj. of the latter with caustic soda, were liable to 

To perform an analysis, add 5 e. c. of the wider variations than those of most other alka- 

loda solution, or 10 c. c. if need be, to 450 or limetric processes. Aftw the expulsion of the 

500 c. c, of the mineral water under exam- carbonic aeid the hot acid liquor must be 

ination, and mix the two liquids. Without cooled completely before adding any of the 

heeding any turbidity which may appear standard caustic soda, lest some ammonia be 

in the liquor, measure out as betore three set free by the latter, 

separate portions of 100 c. c. each, add Princ^te II. Volatility. 

to each portion 4 drops of the litmus so- AppUeatian. Estimation of carbonates in 

lutioQ, and pour in the standard sulphuric natural waters. 

acid until the liquid exhibits a violet tint. Method. Add to 200 c. c. of the Ultered 

More care and attention should be given water about OJi grm. of chloride of ammonium, 

to the experiment upon the second portion of distill off half the solution and receive the dis' 

liquor than to the first, and still more to the tillate in 10 c. c. of very dilute standard sulphu' 

third than to.the second. Choose the best of ric acid. Boil the mixture of distillate and 

the three experiments, as before; subtract the acid to expel carbonic acid gas, then allow it 

number of c. e. of acid required to produce to cool, and determine how muiji of the stan- 

thc yiolet coloration in the mixture of mineral dard acid still remains free, by titrating with 

wafer and soda, from the amount of acid which weak standard soda (see Alkalimetry, and 

was required to produce (he coloration with above). The process is said to yield good re- 

the soda alone, and multiply the difference by suits. (Chev^et, BiUl. Chem. Soc. Parigf 

0.011 (the value of the standard acid in terms 1868, p. 90). 

of CO^ in order to obtMn the weight of the Carbonate of ammonium is often used as ft 

carbonic acid in grammes. precipitant, solvent and decomposer of sundry 

In most cases the quantity of mineral water metaUic carbonates. It is u^ed also to convert 

taken had better be measured after the ad- bisulphates of the alkalies to neutral salts. To 

mixture of the soda, in order to avoid losing be fit for use as a reagent it should leave no 

much carbonic acid. If the sample of water residue when heated in a platinum dish. 

to be examined is contained in a bottle, cool Carbonate of Ammonium and 

it to about 4°, remove the stopper quickly. Of MagnOSium. 

pour out a little of the water, and add the See Carbonate of Magncainm.K^'uifi'&fcgftJ' 

Boda-to the rest. — The process is of value nium. 

lor somepurposea,butrequiresa practised eye. Carbonate Of Bariuitl.' 

(Kersting, Annal. Chem. tind Pkarrn., 84. Principle I. Fixity when n^tilff:s*fpna(j' 

112). heated. 

Application. F^ttmation of barium in salts 

Principle IV. Power of absorbing the heat with organic acids, 

which radiates from ignited carbonic acid Method. Heat the salt carefully in a covered 

gas. platinum crucible nntil no more fumes are 

Tyndall has observed that though carbonic evolved. Then take off the lid, lay it flat upon 
acid gas is one of the weakest absorbents of one side of the triangle whitji supports the 
the heat which radiates from a glowing solid, crucible, and lay the crucible flat, or obliquely 
it has, on the contrary, a remarkable power of upon its side with the open end resting on one 
absorbing the heat radiated from a llame of edge of the cover. Jgnite the erueible in this 
burning carbonic oxide. ^ The &ct- not position until the carbon is all consumed and 
only famishes a delicate qualitative test <d" the the residue has become perfectly white. Since 
presence of carbonic acid in a mixture of a portion of the carbonate of barium is apt to 
gases, but has been successfuliy applied to the be reduced to the condition of oxide by the 
estimation of carbonic acid in air expired from ignition in contact with carbon, the cold resi- 
the lungs. It is not improbable that tiie pro- duAnust be moistened with a concentrated ac- 
cess may be found more accurate and conve- lution of carbonate of ammonium, in order to 
nient than any other for determining the pro- reconvert the oxide into carbonate. AileraUd- 
portion of carbonic acid in ah, in cases where ing the carbonate (rf ammonium evaporate the 
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mixture to dryness on a, water bath, heat the But if only one of the alkalies were present, 
dry residue moderateh", cool, and weigh. Com- die barium would always be firown down iia 
pare Carbonate oi Caleiuui. ^ A certain Sulphate of Barium, and the alkali weighed as 
quantity of the substance is almost always a sulphate, — The process finds appliea- 
lost during ^e ignition, from fine partioles of tion, also, in cases where a mixture of Ba, Sr 
matter being carried away mechanically by and Ca is to be separated fl'om K and Na, or 
the gaseous products of the diatillaljon. This from K, Na and Mg. The precipitation of the 
source of error, however, is the less considera- carbonates of the rlivee metals of the alkaline 
ble in proportion_ as the crucible is heated more earths is effetti'd in precisely the same way aa 
dowly. With proper care the process yields if only barium were present. Chloride of Am- 
satlsiactory results. monium is added to keep np magnesium in 
Properties. Carbonate of barium is unalter- case any of that metal is contained m the Bub- 
ble in the air, even when heated to redness, stance to be analyzed. But since this chloride 
In (heintenseheat of a foree,howeTer, orblast of ammonium prevents fie precipitation of 
fiamaee, it slowly ^ves up me whole of its car- some barium and calcium, the filtrate from the 
honicaeid (AbichiPoOTeiMfor^'sjlniia/en, 1831, precipitated carbonal^s must be subjected to 
, as. pp. 308, 314). tlie presence of aqueous further treatment as follows: — Add to the fil- 
vapor favors the escape of the carbonic a«id. trate a small quantity of dilute solphurie acid, 
The composition of the salt is as follows; — no more than 8 or 4 drops, together with a few 
^a . . . isi . . . nm drops of a solution of oxalate of ammonium 
COb ... 0) . . . iisi and let the mixture stand 12 hours in a warm 
place. A mixed precipitate of sulphate of ba- 



Principk II. Sparing solubility in water. "IH"!?"' strontium) and oxalate of calcium 

Applicatiims. Tliepi-ocess may be employed ^U lall. CoUtct this precipitate on a small 

for estimating barium in all hai-ium salts which ^^ and treat it with dUute chlorhydnc acid, 

are soluble in water, but is rarely used for tJiis ^^"^ oxalate of calcium will dissolve, together 

purpose excepting in those cases where the es- ^**' ^ ^t*!? oxalate of magnesium which is 

timation of (he metal as Sulphate of Barium sometimes %0Tn down with it, while the sul- 

wouid be inadmissible. It is employed also for phate of banun. (and strontium) is lei^ as an 

sepai-atmg Bafrom K, Ka, Mg, Mn, etc., and i^olublereadiie upon the paper. To recover 

for eatimatin™ carbonic acid. ' '"^ magnesiu;' just mentioned, saturate tlie 

° ij 1 J chlorbydric ao'J filtrate with ammonia-water, 

Memods. allow the re-p «cipitafed oxalate of calcium to 

EstimatioJi of Barmtn in solutions of iia settle, filler, -.ma add the filtrate to the 

salts. Mix the moderately dilute solution mixture of msgnesium and alkahes. Some- 

with ammonia-water in slight excess, add the times a little ii. soluble carbonate of magnesium 

carbonate of ammonium as long as a precjpi- goes down wiib the carbonate of barium, etc.; 

tate falls, and leave the mixtui-e at rest for 12 it may be reco^ei-ed during the process of sep- 

hours in a warm place. Collect the precipitate arating these elements. 

upon a filter, wash it with water, to which a To separate Poiassiumjrem a mixltire o/Ba, 
little ammonia has been added, then dry, ig- Ca and Mg, in a solnlaoD free from ammonium 
nite, and weigh. See Principle I. — Since salts, heat the liquid to strong boiling anil add 
carbonate of oarium is not absolutely insoluble to it a solutiou of carbonate of sodmm, drop 
in ordinary water, and is soluble to no incon- by drop, as long as any precipitate falls. Con- 
siderable extent in aqueous solutions of ammo- tinne to boil until the voluminous pitcipitate 
nium salts, the results obtained by this method lias become compact and granular. It is tMsy 
are usually a little lower than the truth. Care to wash out al! the potassium froisi the precipi- 
must always be taken to keep the proportion of tate it' the boiling has been continued long 
chloride, nitrate or other salt of ammonium in enough. But the method wiU be found, in 
the solution as small as possible. meat cases, to be inferior to that of pi'ecipitrtt- 

It is to be observed that carbonate of barium ing the potassiu.-i directly as Chloroplatiiiate of 

cannot be precipitateil from solutions which Potassium. (Stohmana, Zeilsch. analf/i. Chem., 

contain a citrate or metaphosphate of either of 1866, 5. 307). 

the alkali metals. Separatitm of Bafrom Mn. See Cai'bonate 

Sepca-atioti of Bafrom K, Na and Mg. The of Manganese, 
process is employed in certain cases for sepa- Indirect it^a:'a(ion of Ba from Ca and Sr. 
rating barium from potassium, sodium and Se& Carbonic Acid (Volatility of, ^methods 
' ■' 'b, on the whole, less ae- by simple ignition, and by ignition with an 
; than the method de- acid salt), 
scribed under Sulphate of Barium. It is em- Estimation of Carbonic Acid. 
ployed, for example, when barium is to be sep- 1. Absorptmtt in iaryta-water. 
ai'ated from a mixture of both potnssiuiiAuid Many chemii-.i have estimated carbonic acid 
(odium, since the mixttu'e of alkalies in the by absorbing the gas in bai'yta-water and 
filtrate from, carbonate of baiiuni can easily be weighing thep-'ecipitated carbonate, in the man- 
converted into chlorides, and analyzed as such, ner above described. De Saussure in particu- 
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tar, iought to perfect the process by washing lows: — By means of a perforated eork, fit to a 
the carbonate of barium ivifli a satuvsteU solu- sufficiently wide-moutlied bottle a large funnel 
tjon of this substance, in place of wafer, and with wide throat. The rim of the funnel 
did unquestionably obtain accurate and vain- should be ground so that it can be covered 
»ble results in that way, — as Boussingault and tightly with a glass plate. Fit a cork to the 
others have done after him. — The modem upper part of 3ie throat of this tunnel, perfo- 
methods are as foJlowB ; — rate the eork and cut a groove in its side. 
A. MeOiod o/Mohr Sf v. GUm (Tfien, Akad. Tlirougb the hole m the cork thrust the tube 
BerkM, 24. 279), employed for estimating the of a second tunnel considerably smaller than 
proportion of carbonic acid in atmospheric air. the first, and place the filter in this inner fun- 
By means of an aspirator of at least 30 litres nel. During the operation of filterings the 
capacity, some 60 litres of the air to be anal- large funnel is kept closed as much as possible 
yzed are slowly drawn through an absorption with a glass plate. Air can of course pass 
tubecontainingasolutionofhydrateof barium; freely from (he bottle info the large funnel 
the precipitate of carbonate of barium which through the slit or groove in the inner cork, 
forms is collected upon a filter out of contact According to observations of A. MueEer 
■with the air, the tube and precipitate are (JS eitsch. analyt CAem., 1862, 1. pp, 84, 149), 
washed first ivith distilled water saturated with tbia process is open to tiie objection that filter 
carbonate of barium, and afterwards with CTire paper has the power to absorb considerable 
water which has been recentir boiled. The quantities of b^yta out of baryta-water, and 
carbonate' of barium upon the niter and in the to retain it so foi-cibly that it cannot be washed 
tube is then dissolTed in dilute chlorhydric out. 
acid, the solution evaporated to dryness, tBe Thi 
residue ignited gently and the amount of chlo- of coi 
rine contained in it determined as Chloride of appropriate apparatus, and the Carbonic Acid 
Silver. Or the amount of barium may be de- weighed w measured as such, instead of being 
termined as Sulphate of Barium, Every atom treated as above described, or in addition to 
of Ba, or every two atoms of CI, ftill represent this treatment, 
molecule of COy B. Meihotk of HadfieM, of Petlenkofer, and 



To prepare the absorbent liquid, dissolve of A. MiteUer. See below, under Principle 
crvstaffiaed hydrate of barium in a warm dilute iUl (Power of neutralizing acids), 
solution of caustic potash, and filter the mix- 2. Absorption in an ammoniaied sdu&ort of 



Since some carbonate of barium is al- chloride ofbariitm. This method may be ei 

ways precipitated on the addition of the potash ployed in the analysis of mineral waters, air, 

lye, the clear solution obtained neoessarily con- and other gaseous mixtures. It was formerly 

^ius all the carbonate of barium it is capable sometimes used for estimating carbonic acid 

of dissolving. — For the absorption tube, set free from carbonates bj (he action of acids, 

ehoose a tube a metre long, and about 15 m. m. but is now known to be inferior to the metboda 

wide. Draw out the upper end of the tube, described in tiie preceding pangnphs and to 

and at some distance from its lower end bend several of the methods describtd under C u> 

the tube at an angle of 140°-150°. Fis the boiiic Acid. 

tube in soeh a position that its longer limb Prepare a quantity of an ammoniatod solu 

shall incUne at an angle of 8° or 10° to the tion ai' chloride of barium, ps follons — ^Wis 

horizontaJ and fill the tube half full of the an aqueous solution of chlonde of barmm with 

clear baryta- water. By means of a perforated an excess of ammonia- water boil the mi\.tur6 

cork, fit a narrow glass tube into the w der en i ibr a few minutes and filter the hot liquid 

of the absorption tube, for the admission of -ur quickly in order to remove the carbonate ni 

and connect the other end of the absorption ba ram formed by carbonic acid contained in 

tube with the aspirator. It is well to interpose tie ammonia-water. After the mixtme h^s 

a couple of littie flasks, charged w th le once been boiled, take caie to piotect the 

baryta-water, between the absorption tube and Iqmdas much as possible from eontai,t luth 

the aspirator, in order tobo suretiat tJiewlole carbon c acid of the air. Pour a or 80 c c 

of the carbonic acid has been absorbed fl om ot the clear liquid into . a hght flask of about 

the Mr, 300 c c capacity, and close the flask tightly 

Since, in passing through the absorption tube with a taoiitchoac stopper. Without remoiiag 

the air is compelled to force its way Spi nst a the stopper, weigh the flask together with the 

column of liquid, it is essential that the sp bar um solution, and pour into the fl^ en ju^h 

rator employed should be provided with a s niU of the mineral water, or other solution of fu 

manometer, in order that the volume of r bon c acid to be tested, to neailj hll it th(,n 

may be accurately measwed. The he f,ht of rej lace the cork immediaLelv, shake the flatk 

the column of mercury in the raanomet m ist and ag^ n weigh it with its toattnts TIic dif 

be deducted from that observed in the barom fe en e between the first and seto id weighmji 

eter at the time of the experiment. y. \l gve tiie weight of the mmcial wtLi 

For fiUering the carbonate of bar um v tak Instead of weighing the iiiiiiualiiat j 

Gilm uses a double funnel, arranged as fbl it ma} be measured as follows — Mcasme out 
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the 60 or 80 c. c. of ammonio-barium solution the like, the proportion of Carbonic Aeid con- 
to be placed in the flask, by means of a pipette tained in it must be specially determined, 
provided with a rubber ball or soda-lime tube, This method, as well as the analogous method 
so that no carbonic acid can enter it from the mentioned under Carbonate of Calcium, was 
lungs; then pour the mineral water into the fbrmerlj- often employed, but is now held in 
, flask, cork the flask, and scratch the glass with comparatively slight esteem. The chief ob- 
a diamond, or paste upon it a bit of paper, jections to it are found in the solubility of car- 
with shellac, to mark the height of the uquid. bonate of bai'iura in water, the difficulty of ob- 
After the carbonate of baiiuni has been pre- taining an ammoniated barium solution, in the 
cipitated and the experiment finished, fill the first phiee, absolutdy free from carbonic acid; 
flask with water up to the mark, measure the in the liability of this solution to absorb car- 
water in a graduated cylinder, and subtract bonic acid from the air; in the risk of driving 
from it the quantity of barium solution in order off some carbonic acid in the form of carbon- 
tjjoblwn the true volume of themineral water. at« of ammonium; and in the very decided 
For another method of measuring the mineral tendency of carbonate of barium to remain 
■water, see Carbonate of Calcium. dissolved in a solution of chloride of ammo- 
Place the flask in a pan of wat«r, loosen ite nium. It may readily happen that appreciable 
coA, heat the water to boiling, and keep the quantities of carbonate ot barium (or of ca!- 
fla«k in the boiling water for an hour or two. cium) may remain dissolved throughout the 
Then re-cork the flask, allow its contents to analysis in ease the proportion of (Sloride of 
settle out of contact with the air, and proceed ammonium in tiie liquid be excessively large 
to collect the carbonate of barium on a filter, or the liquid itself oe laigely diluted with 
in the manner to be described directiy. water. — To guard against the various 
It is to be observed that although Uie liquid sources of error, it was customary to operate 
b the flask usually becomes turbid as soon as at one and thesametimenponseveraldifferent 
■'le mineral wat«r is introduced, the mixture portions of the mineral water. ^ It may 



must, nevertheless, be heated a long time in here be said that the idea advanced by Kolbe 
order that all the carbonic acid may be thrown {Handwcerteihuch der Chem., 1, Supplem.. p. 
down, for at temperatures much below boiling 157) and recently defended by Frei 



carbonate of banum is soluble to no ineonsid- (Zeitsch. aaalyt. Chetn., 18GS, 2. 49 and 186S, 

erable extent in a solution of chloride of am- 5. 321) that the retention of carbonate of ba- 

monium. The contents of the fiast must never rium in solution before boiling, is due to the 

be heated to actual boiling, however, for in change of carbonic into carhamie acid, is nn- 

that case some of the carbonic acid would supported by any experimental evidence. The 

escape in the form of carbonate of ammonium, erroneous character of the conception has been 

Instead of heating the mixture almost to shown by Carius (j4n?iai. Chem. und Pharm., 

boiling for an hour or two, it may be left dur- 1866, 137. 108) and by old observations of my 

inghalfaday inaplaceheated toeO'orSO". own {Amer. Jovm. Sci., 1868, 26. 41; and 

For filtering, provide a funnel with glass Dictionary of Sdvbiiitiei). 
cover, quickly decant the clear liquid from the Instead of drying and weighing the precipi- 

flask into the filter, and cover the funnel, tated carbonate of barium, it may be decom- 

Nearly fill the flask with warm water, replace posed with an acid and the resulting gas meas- 

the cork, shake the contents of the flask, let ured (see below), or absorbed in soda-lime and 

the precipitate subside in the flask until the weighed (see below). Or the proportion of 

filter has become empty, and again decant the eartonic acid may be determined h^ the Alka- 

tolerably clear liquor from the flask into the limetric method (see also below. Principle III), 

filter. Wash once more by decantation, then But for determining carbonic acid in that way, 

transfer the precipitate to the filter, and wash it had better be precipitated in the form of 

with warm water until the washings no longer Carbonate of Calcium, 
give any precipitate when tested with nitrate 

of silver. In ease the last portions of the pre- Properties, Precipitated carbonate of ba- 

cipitate cannot be rubbed off the flask, dissolve rium is a soft, white powder, soluble in about 

them in a little dilute chiorhydric acid, mix 48,000 parts of cold water absolutely free from 

the solution with pure carbonate of sodium, carbonic acid (Bineau), and in 12 or 14,000 

and collect the precipitate which forms, upon a of cold water which has been recently boiled 

small separate filter. Drjr, ignite and weigh to expel most of its carbonic acid. It ay- 

the precipitate as in Principle I. pears to be but littie if any more soluble in 

If the substance analyzea contained no other hot than in ctAA water. The aqueous solution 

substance besides carbonic acid capable of pre- has a faint alkaline reaction. The solution in 

cipitating barium or of being precipitated by carbonic acid water is ^bo alkaline. — The 

ammonia, the weight of the carbonic acid may precipitate ia far more readily soluble in neu- 

bo calculated directly from that of the carbon- tral solutions of ammonium salte, such as the 



eof barium. But if, on the other hand, the chloride or nitrateof ammonium, than ii 

Erecipitate is contaminated with phosphate of but is almost completely insoluble i 
arium, carbonate of calcium, ferric oxide, or water which contains free ■- - 
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bonate of ammonium; one part of the precipi- to the litre, is to be preferred. Of the stronger 

tate requirinff in tliat case more llian 140,000 baryta-water 1 o, c. will correspond to about 

of the liquid for its Boiution. When boiled S milligrms. of carbonic aeid and 1 c. c. of the 

wilJi a solution of chloride of ajnmonium, ear- weaker liquid will be equivalent to about 1 

bonate of barium is rapidly disaolTod with for- miUigrm. 

mation of chloride of barium and evolution of To standardize lie baryta-water transfer 30 

carbonate of ammonium. Carbonate of ba- e. c. of it to a small flaat and pour in the atan- 

rium dissolves also to a slight extent in aqueous dard oxalic acid fi'om a burette, little by little, 

solutions of most of theaSts of potassium and until the liquid is just neutralized. After each 

sodium. In eold water satnratea with carbonic addition of Ibe aeid, close the flask with the 

aeid, carbonate of barium dissolves in the pro- thumb, and shake the liquid. To determine 

Sortion of 1 part to about 600 parts of the the point of neutralization take up a drop of 

quid. (Compare Principle T). the liquid upon a glass rod and touch it to a 

The comparatively large molecubir wraght piece of delicate turmeric paper. When a 

as well as the more sparing solubility of ear- drop of the liquid ceases to produce a brown 

bonate of barium are reasons for preferring it ring upon the paper the neutralization is known 

to carbonate of calcium, but the precipita.t« is to be complete. In case too many di-ops of Ibe 

r' to be more bulky and leas easily filtered oxalic acid happen tfl be added in this first 

n that from the calcium salt. trial, the experiment may be repeated as fol- 

Pr'mciple ill. Power of neiilralking acids, lows:~Measute off a second 80 c. c. portion of 

Applications. Estimation of barium and of the baryta-water, add to it at once as much of 

carbonic aeid. the standard oxalic aeid, to within a c. e. or 

Methods. half a c. c, as was nsed before; then add the 

A. Estimation of barium. Similar to the acid drop by drop, and test the liquid on tur- 
estimation of ealdum described under Gartion- meric paper after eaeb drop, until the neutral- 
ate of Calcium. izatioa is complete. A third experiment should 

B. Estimation of carbonic acid. agree with the second to 0, 1 c. c. 

1. Method of Pettenkofer (Annaien Chemie The details of the actual analysis of a min- 

and Pharm., 2d Supplement volume, page 23). eral water will be found in the description of 

In iJiis process a definite volume of the air or the lime-water process under CarboAaf* of Cfd- 

mineral water to be analyzed is mixed with a cium. 

measured quantity of baiyta-water of known In order to determine the proportion of car- 
strength; tte carbonate of barium which forms bonic acid in air, select a bottle of about S 
is allowed to sottie, and a measured portion of litres capacity, having a tighUy ground glass 
the clear supernatant licjuid is finally titrated stopper, and accnrately determine its capacity, 
with standard oxalic aeid, in order to deter- Dr^ the bottie lioroughly and by means of a 
mine liow much of the hydrate of barium in pau- of bellows fill it witli the air to be anal- 
the liquid has remained uneombined with car- yzed. Four into the bottle 45 c. e. of the di- 
bonie aeid. The difference between the amount late standard baryta-water, and spread the 
of oxalic acid required to neutralize the un- liquid repeatedly over the inner sm4aee of the 
combined hydrate of barium and that required glass without shaking the bottie any wore than 
ta saturate the barytar-water originally em- is neceesM'y. In the course of about half an 
ployed, will be equivaleat to the amount of li^our the whole of the carbonic acid will he ab- 
carbonic acid in the sample of Ml or water aorbed. Then pour the turbid liquid from the 
taken. bottie into a glass cylinder, close the latter se^ 

To prepare the standard ox^icacid, dissolve curely fi^m the air, and leave the liquid at rest 
2.8636 grms. of crystallized oxalic aeid in until it has become clear. By means of a pi- 
water, and dilute to the volume i^ a litre. 1 pette t^e up 30 c. c. of the clear liquor, trans- 
c. c. of the liquid will correspond to 1 milligrm. fer it to a fiask, and neutralize with the stan- 
of carbonic acid. dard oxalic acid. Since only SO e. c. out of 

The baryta-water employed must be free tto original 45 c. c, of baryta-water have been 

from any; trace of caustic potash or caustic employed, the number of c. c. of oxalic aeid 

soda, for it is impossible to titrate baryta-water required to effect neutralization must be mul- 

with oxalic acid in presence of an alkaline ox- tiplied by 1.5. Deduct the product from the 

alate (see Hydrate of Barium). number of e. e. required for 45 c. c. of (he 

The baryta-water should be strong or weak standard baryta-water. The difference will 

accordingly as there is more .or leas carbonic show how much of the hydrate of barium has 

acid in l£e air or water to be examined. If been convert«d into carbonate, and thereby 

the proportion of carbonic acid is compara- indicate the amount of the carbonic acid, 
tively large, it h well to use strong baryta- Instead of measuring the air in a bottle' as 

water prepared by dissolving 21 grms. of erys- above described, it may ot course be drawn 

taUized hydrate of barium to the litre, but through tubes charged with a measured quan- 

in case the quantity of carbonic aeid to be de- tity of standard baryta-water, hj means of an 

termined is small, a liquid which contains no aspirator, as described under Principle 11, on 

more than 7 grms. of the crystallized hydrate P- 95- For Pettenkofer's arrangements for ef- 
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fecting the absorption, see his original memoir, lit^aiA as possible into a tared flask which eon- 
as cited above. tains a weighed quantity of the standanl nitric 
2. Method of A. MveUer (Zeitsch. analyl. acid, and again weigh the flusk afWr the addi- 
Ckem., 1862,1, 147, and figure). ThismeUiod tion of the baryta Bolution. Finally titrate the 
is said to he peculiarly well suited for the de- nitric acid stitl lefl; free in tiie flask, in order 
termhiation of carbonic acid in soils, ^d, in to estimate the amount of baryta which was 
general, for the determination of small qnan- added to it. T)ie calculation is as follows: — 
titieB of the add in presence of other Totatile „ „ „ ^j,, „,, ^i of crbODic add absorbed, 
substances. It may be emjiloyed also for eati- o - the weight of the baryfo before iheflbBorption, 
mating carbonic acid in air, and for experi- '^ - the waght of that portion of the Wytaiolu- 
» ^ „ (■„„„„„*„:„„ tlnntaSenfortitratlonaftertheahsorpUon, 

ments on fermentation. * - the w^ghi of bsryta in c, 

Grind a plate of glass to fit the top of a d = the snni of Ihe welghls of the baryta solution 

broad glass cylinder or jar about 100 miUim. filft.'^d""""'' "'' "^"^ pi^ipifted 

high and wide. Set a tripod of glass or plati- _ Bao 

niim in the cylinder, and suspend trom the tri- " ~ CO, " ^■*"' *''™ 

pod a shallow, conical glass vessel ofabout 40 CO. w — "^ "~ ^"^ „ a e — ft ft 

capacity. This Bmaller or "absorption" vessel G (e -*) - 6 3aT! ic - ft) - i 

must be light, and its mouth, though much nar- It is not practicable to operate with a deter- 

rower than the bottom, must be ttwerably wide, mined volume, instead of a definite weight of 

The top of this vessel also should be ground the baryta solution, for the weight of the solu- 

and fitted with a glass plate. Some forms of tion varies constantly during the experiment, 

ink-stands answer very well for the absorption both fi'om changes of temperature and from 

vessel. There will be needed also a small the absorption of more or less aqueous vapor 

porcelain crucible of about 15 c. c. capacity. by the acid in the jar. Neither can fie bai^ta 

Prepare standard solutions of nitric acid and solution be filtered after the abporpfion, for 

of caustic baryta (see Alkalimetry), The ba- filter paper has tbe power to absorb eonsider- 

lyta solution may be made by mixing a solu- able quantities of baryta, ar.d to abslract it 

tion of chloride of barium with soda lye. Its from the solution. ^ A correction may be 

strength should be reckoned not in terms of applied for the carbonic acid naturally present 

centimetre*, but in tei'ms of grammes. in the atmospheric air originally contained in 

For the analysis weigh out a quantity of the the apparatus, or, better, the apparatus ii iiy 
soil, OP odiersubEtanee containing a carbonate, be filled beforehand with air free from car- 
place it in the bottom of the larger glass ves- bonic acid, 

eel, and pour upon it 15 or 20 c. c. qf water. In case tlis soil, or other substance analyzed, 
Place in the porcelain crucible a quantity of evolves ehlorhydric acid or other volatile acid 

some strong non-volatile acid, such as sul- on being treated with strong acids, the process 

phuric, phosphoric, tartaric or lactic acid, more is modffied to the extent that the amount of 

than sufficient to decompose tbe whole of the baryta in the solution is dttermmed beiore and 

carbonate, and set the crucible upon the soil. after the absorption, by pietipitating it m the 

Weigh the absorption vessel with its cover, form of Sulphate of Banum 
pour into it a quantity of the standard baryta 3. Old method of absorjlton in ammomaled 
water and again weigh. Remove the glass Mryta-water. See above (Pnutipie JI) and 
plate from the absorption vessel, place the lat- under Carbonate of Calcium 
ter on the tripod, smear the top of the larger Principle IV. Decomposition of by solu 
vessel with tallow, close it tightly with its glass tions of the salts of iron, aluminum manga- 
plate, and incline the vessel carefully so that nese and chromium; by phosphoric and arsenic 
some of tbe acid may flow out of the crucible acids; and by many oth(.r saline solutions and 
upon the soil. Repeat the dose of acid from acids; the metals or acids in question being at 
time to time, and then leave the apparatus at the same time precipitated in the form of by- 
rest for a day or two, until the whole of the dratea, or of basic salts. 

carbonic acid has been absorbed by the baryta- Appikatuins. Separation of Al from Mg, 
water. — The rate of evolution of the car- Ca, Zn, Mn, Ni, Co and Fe (see Hydrate of 
bonic acid can be judged of by the appearance Aluminum). Separation of Fe from Ba, Sr, 
of the baryta solution. So long as carbonic Ca, Mg, Zn, Mn, Co, Ki and Fe (see Hydrate 
acid K generated rapidly, crusts of carbonate of Iron). Separation of Cr from Zn, Mn, Ni, 
of barium will form upon the' surface of the Co and Fe (see Hydrate of Chromium). Sep- 
liquor as olten as the old crust is made to sink aration of PjO, trom Fe, Al, Ba, 8r, Ca, and 
by shaking the apparatus. When a crust no all other oxides not precipitable by carbon- 
longer forms, it is evident that no more car- at« of barium (see Pliosphate of Iron). Sep- 
honic acid is being set free. Wait until the aration of As from Ba, Ca, Sr; Zn, Mn, Ni 
whole of the carbonic acid has been absorbed and Co (see Arseniate of Iron). ^ For iista 
by the baryta-water, tlien cover the absorption of the compounds precipitable by carbonate of 
vessel with its glass plate, and again weigh it barium, see that substance in Dictionary of 
with its contents. By means of a syphon and Solubilities, 
aspirating flask, suck over as much of the clear For me m a reagent, carbonate of barium 
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CARbONATE OF BISMUTH. Vi) 

may be pi«pared as foUowa: — Dissolve a at any one time, since the chloride of barium 
quantity of crystaliized chloride of barium in formed la only sparingly soluble in acid, and in 
hot water, filler the solution and heat it to liable to form an encrustatioQ upon Ibu mas^t 
boiling. Prepare a ouantity of nonnal car- which would impede Its solution. (Abieh, Pog- 
bonate of ammonioni bj' saturating a solution gmdor^'s Annalen, 1831, 23. pp. Sl9, 33H). 
of the commercial sesc|uioarbonafe with am- The action of fused carbonate of barium, or 
monis;-wster and filtering the mixture stter it rather of the oside of barium, into which tht' 
has been allowed to stand for some time. Add carbonate is converted at a high heat, is ex- 
the cai'bonate of ammonium solution, little by ceedinglyenei'getic. Even the most refractory 
litUe, to the boiling solution of chloride of minet^s may be readily and. completely de- 
barium as Song as any precipitate eoutinues to composed by means of it. According to Abic'ii 
tail. After the mixture iias been allowed to (he. Cic, pp. 839, 341), even chrome iron oru 
settle decant the clear liquor and wash the may be completely decomposed by fusing it 

Erecipitat* 5 or 6 times by decantation with once or twice during three quarters of an hou:' 

ot water, then throw it upon a filter and wash with 4 parts of carbonate of barium, 
until tie wash water acidulated v/ith nitric Method B. For decomposing silicales, less 

acid no longer gives anj precipitate when carbonateof barium andaJowerdegree of heat 

tested with nitrate of silver. Wash the pre- wiE be required than are necessary for succetis 

cipitate out of the filter into a beaker and keep in the applications of Method A. According; 

it for nse, either in the moist state or air-dried, to Deville (Annales Chun, et Phys., [S.'] S8, 

Principle V. Power of decomposing refrac- 5), 0.8 part of carbonate of bariam Is sufficient 

tory ^licates, aluminates and chromitce, when at a moderate red heat, to reduce 1 part of 

intensely heated. potasli feldspar to the condition of a vitreous 

Applications, Conversion of insoluble silicic transparent mass, docMoposaUe by acids, 
acid into the soluble modification, in the ^laly- The use of a lai^er proportion of carbonate 



J refractorv siliceous minerals. De- of barium may even be injurious, since a poi- 
composiuon of spinet and other native alomin- tion of the potash set free by the caustic ba- 
ates, and of chrome iron ore, as a preliminary irta formed, might be lost through volatiliza- 
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lieir solution in acids. Decomposition of tion. — In other respects the details of tii« 
silicates as a preliminary to the estimation of process are similar to those described in A. It 
alkali-metals. has been superseded in great measure, by die 
Method A. For decomposing aluminale^ and process of decomposing with fluorhydric acid. 
ckromilBS. Mix the finely powdered mineral and by L. Smith's proi«S8 with Carbonate of 
with firom 4 to 6 times its weight of pure, Calcium and chloride of ammoninnii (See fur- 
precipitated carbonate of barium, in a plati- tier under Silicates, and Ojiide of Biwium). 
num crucible. Place die platinum crucible L, Smith's {American Joum. Sci., 1868, 16. 
inside a somewhat larger crucible of reft-actory 63) old method of fiising silicates with a mis ■ 
fli-e-clay; fill the space between the two cruci- ture of carbonate and chloride of barium will 
bles with, magnesia, cover the clay crucible be described under the head of Silicates, 
and heat it intensely in a Sefstrom furnace Principle VI. Insolubility in aft aqueous 
during half or three-quarters of an hour, solution of cyanide of potassium. 

Instead of the Se&trom furnace, a powerful jlpp&oJions. Sepaiation of Ba from Co, 

;a9 furnace, sudi as that of Griffin or of Hi and Zn. 

re, may be used to heat the naked plati- Me&od. See Carbonate of Cobalt, 
crucible. Or Deville's {Art.nalesCkwi.ei Basic Carbonate Of Bismuth. 
PJjK., 1856.48. 182^ oil of turpentinefumace Principle 1. Insolubiiity in water and in 
may be used. But m any event an intense solutions of alkidine carbonates, 
heat is required to effect the fusion of the Applications. Estimation of bismuth in com- 
mixed almninate and carbonatii of barium, pounds soluble in nitric acid and free from any 
The heat of an ordmary wind furnace is in- admixture of other acids. Separation of lii 
sufficient for the purpose, ^ After the cru- from Mn, Separation of Bi from Cu. 
cibies have been taken from the flre and Method A. Add a very slight excess of car- 
allowed to cool, clean the outside of the plati- bonate of ammonium to the bismuth solution, 
num crucible and press it gentjy between the heat the mixture nearly (o boiling for a short 
fingers to loosen the solid lump within it. Put time, filter, and ignite witli the precautioni^ 
the lump in a beaker, together with the cruci- prescribed under Carbonate of Lead, Weigh 
ble, if any portion of tile fused mass still ad- as Oxide of Bismuth. ^ The bismuth soKi- 
heres to it, cover the mass with 10 or 15 times tion must not be too concentrated. If on di- 
its bulk of w.iter, and add ■ strong chlorhydric luting it with water, some basic nitrate of 
or nitric acid, littie by little, until solution is bismuth falls, no notice need be taken of it. 
complete. Since all tiie carbonic acid of the Tie process is inapplicable, however, in preF- 
carbonate of barium has been expelled by the senee of sulphuric or chlorbydric acids, sinci- 
intense heat, tiie fused mass will dissolve with- the precipitated carbonate and the ignited oxisii. 
out efiervescence; but care must be taken not would then contain an admixture of basic sui- 
te add too large a. quantity of chiorhydrio acid phate or basic chloride of bitmuth. The mis- 
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100 CARBONATE OF CADMIUM. 

ture of bismuth solution and carbonate of am- Carbonate Of Cadmium. 

aioniiim must always be heated in order to Principle I. Insolubility in water and in 

ensure complete precipitation. Tbe results are carbonate of ammonium. 

in any event a tiifle too low, for carbonate of Applications. Estimation of cadmium in 

bismuth is not absolutelj" insoluble in a solution general. Separation of Cd from Mn and Cu. 

of carbonate of ammonium. Meikod A. Same as tbat described under 

Method B. To separate bismuth from cop- Carbonate of Zinc. The precipitate should be 

per, mix the nitric acid solution with an excess collected upon a thin filter to avoid loss through 

of carbonate of ammonium. Most of the cop- reduction and volatilization, when the precipi- 

per remdnB dissolved in the excess of the am- tate comee to be converted into Oxide of 

monium salt, but a little of it is retained by Cadmium. 

the precipitated carbonate of bismuth. The Meikod B. In case cadmium is to be sepa- 
precipitate must therefore be re-dissolved once rated from copper, add carbonate of ammo- 
or twice in nitric acid, and re-precipitated with nium in excess, instead of the carbonate of 
carbonate of ammonium, in order to remove the sodium employed in Method A. Some cad- 
last traces of copper. It is well to add some raium will remain dissolved with the copper for 
carbonate of ammonium to the wp,ter used for a while, but on leaving tlie mixture exposed to 
■washing the precipitate. If these precautions the air all the carbonate of cadmium will grad- 
be attended to, it is easy to remove all thecop- ually be depositeiJ as carbonate of ammonium 
per from the precipitate (R. Schneider, Joni-n. evaporates. (Stromeyer). The method is said 
prakl. Chem., 60. 311), but a little bismuth to be more convenient but less accurate than 
always remains dissolved in the carbonate of those which depend upon the insolubility of 
ammonium and passes into the filtrate (H. Sulphide of Cadmium in cyanide of potasdum, 
Itose, Pogg. Ann., HO. 430), hence the pro- and its solubihty in dilute sulphuric acid. It 
cess IS less accurate than that which depends is distinctly inferior also to the method by Sul- 
on the insolubility of basic Chloride of Bismuth, phocyanideof Copper. 

To estimate the copper, heat the ammonia- For the method of separating Cd from Mn, 

oal filtrate, first by itself and afterwards with see -Carbonate of Manganese, 

caustic lye, and collect the Oxide of Copper Properties. Carbonate of cadmium is a white 

which is thrown down. precipitate, insoluble in water and the fixed al- 

For ike method of separating Bi from Mn, kaline carbonates; exceedingly sparinglj^ sol- 

aee Carbonate of Manganese. uble in a solution of carbonate of ammonium. 

Properties. When an excess of carbonate but readily soluble in solutions of the sulphate, 

~f ammonium is added to a nitric acid solution nitrate, etc., of ammonium. The water which 



of bismuth, in the cold, a white precipitate of the precipitate contdns is completely exfielled 

the mondcarbonato (EijOj, CO^) is immediately by drying, and the carbonic acid by ignition, 
thrown down, but me precipitation is incom- Principle II. Solubility in an aqueous solu- 

plete, since a portion of this monocarbonate tion of cyanide of potassium, 
remains dissolved in the ammonium salt. But Applicaliims. Separation of Od from Bi and 

on heating the mixture a more difficultly sol- Fb. 

uble basic salt is formed. Carbonate of potas- Method. See Carbonate of Bismuth and 
sitfm also precipitates bismuth completely, but Sulphide of Cadmium, 
the precipitate in that case retains traces of Carbonate Of Calcium. 
potash which are hard to wash out. The pre- Principle I. Fixity when gently heated, 
cipitate obtained by carbonate of ammonium Applications. Estimation of calcium in ox- 
is easily washed. It is as good, as insoluble in alate of calcium and other compounds of cal- 
watfir, but dissolves readily in acids. When cium with organic acids. 

ignited it gives off carbonic acid and is con- Method. In ease the substance te be oper- 

verted into tcroxide of bismuth. ated upon is oxalate of calcium, heat it care- 

Piinciple II. Insolubility in an aqueous so- fully and gradually in a platinum crucible until 

lution of^ cyanide of potassium. the bottom of the crucible has become almost. 

Applications. Separation of Bi from Cu, but not quite, duil red. The crucible should 

Cd, Hg, Ag and Au. be covered at first, but may be open afterwards. 

Memod. Add to the dilute solution a very Keep the crucible at this temperature, decid- 

slight excess of carbonate of sodium, then ediy below incipient redness, during 8 or 10 

add an excess of a solution of cyanide of potas- minutes, then allow it to become cold, and 

slum, heat the mixture for some time, and col- weigh. ^ The carbonate of calcium obtained 

lect the carbonate of bismuth upon a filter, should be white, or only faintly tinged with 

Since the carbonate thus thrown down always gray. It should give no alkahne reaction when 

retains some alkali, it must be dissolved in moistened and subsequently tested with a small 

acid and re-precipitated. The cyanide of po- slip of turmeric paper. If the turmeric turn 

tassium used must be free from any trace of brown it will be evident that the precipitate 

sulphide. (Freaenius & Haidlen, jinnai. Chem. has been overheated and that a portion of it 

jiiad Pharm., 43. 129). has been changed to caustic lime through es- 
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cape of carbonic acid. In that event pour as 
miieli of a strong aqueous solution of b 
ate of ammonium into the crucible 11 

barely oover the precipitate, evaporate to b 
Bolute dryness upon a water bath, heat th d y 
precipitate gently over a lamp, but not n ly 
to rednese, and again weigh. It is to b b 
served that a very moderate heat will b (& 
cientto volatilize the excess of carbonate f 
monium. There is no need of actudlv gn t ng 
the precipitate before weighing it tt d 

time, and consequently no risk of p U g 
any carbonic acid from the revivified bo 
ate. The process ^ves good result wh 
properly conducted, but the operato h Id 
on no aucount fail to apply the test w tl t 
meric paper. ^ Before proceeding t i_ 
nite oxalate of calcium, or carbonate f 1 
cium which has been thrown down h 

take care to remove the precipitate t m tl 
filter as completely aa possible, and b th 
filter thoroughly upon the lid of the ru bl 
out of contact with the precipitate. It i 
best not to add the sjhceous filter a h f th 
carbonate in the crucible until after th 1 tt 
has been heated. 

If any other salt than the oxalate is to be 
converted to the state of carbonate by ignition, 
proceed as directed under Carbonate of Ba- 
rium (fixity of), and take special pains iu 
treating the reMdue with carbonate of ammo- 
nium a« above described. 

Properties, Carbonate of calcium undergoes 
no change in the air at temperatures bdow 
Mnt redness, but at an intense red heat it 
gradually loses tarbonic acid, especially when 
exposed to a current of air or steam. When 
mixed with carbon the decomposition by heat 
is far more rapid, carbonic acid being reduced 
and given off in the form of caibonic oxide. 
QuanlJd^ of carbonate of calcium as lai^ as 
half a gramme may easily be completely con- 
verted to quicklime by heating them in an 
open platinum crucible over an ordinary ms 
blast lamp; bat Fresenius has found thatOie 
heat of a Berzelius spirit lamp is insufficient 
to effect this reduction- The composition of 
the salt is as follows, both in terras of mole- 
cules and per cents. 



Principle II. Sparing solubility in water. 

Applicaiions. Estimauon of calcium in aque- 
ous solutions of calcium salts. S^eparation of 
Ca from Na, K, Mg, Mn. Estimationjif car- 
bonic acid in rocks, soils, waters, air, etc. In- 
direct separation of Ca from Ba and Sr. 

Methods. 
A. Estimation of Calcium in solutions of its 
sails. Saturate the moderately dilute solution 
with ammonia- water, odd a solution of carbon- 
ate of ammonium in slight excess and let tlic 
tnixtare stand in a warm place for several 



hours Collect the precipitate on a filter, wash 
t w th water containing some ammonia, diy 
1 nite, or rather heat, the precipitate, as 
d re ted above (Principle I) . The ])rocess 
J Id accurate results when the liquid in 
wh h the precipitate b formed contiuns no 
or t quantity of ammonium salts. It is essen- 
t 1 th t the precipitate be washed with ammo- 
t d water, as will be seen below, under 
p p rties." 

S Separatioti of Ca from K, Na and Mg. 
S the similar heading under Carbonate of 
B m. Much that is said in that place of 
ti p eference to be given to Sulphate of 
B m might be said here of Oxalate of Cal- 

C Separcaioa of Cafrom. Mr^. See Car- 
b te of Manganese. There is nofhing pecu- 
1 the process as applied to the separation 

f C from Mn, exceptin" that the ignited 

p p tate must be treated with carbonate of 

m urn to revivify the reduced carbonate 

f 1 um, as has been expl^ned above. See 
C b ate of Calcium (fixity of). Unless the 
\ p tion of calcium in the mixture is iatge, 
it will usually be best not to weigh as CaO, 
Mn^Oj -f. CaO, CO^,— but to ignite strongly 
over a blast lamp and weigh as CaO, MnjOj -f- 
CaO. See Oxide of Calcium. 

D. Indirect separation of Ca from Ba and 
Sr. See Carbonic Add (volatility of, — methods 
by simple ignition and ignition with an acid 
salt). 

E. Estimation of Carbonic Acid. 

]. Fresenius's rtieihod. Prepare a quantity 
of dry pulverulent hydrate of calcium by slak- 
ing a quantity of recently burnt lime with 
water. Put a small portion of the hydrate 
into dUute ehlorhydric acid to test whether it 
is free from carbonic acid. If no effervescence 
is seen, seal up a number of portions, each of 
S or 3 grms., of the hydrate in small glass tubes 
for future use. But in case the hydrate is 
found to contain any carbonic acid place it in 
a tube of hard glass and ignite it upon a com- 
bustion fiirnace, in a. current of air free from 
carbonic acid ; and afterwards sea! up several 
small portions of it as before. 

Put 2 or 3 grms. of the pure lime into a light 
flask of about 300 o. c. capacity, close flie 
flask with a caoutcliouc stopper and weigh it 
together with the stopper and the lime. Pour 
in enough of the mineral water, or other solu- 
tion of carbonic acjd, to nearly fill the flask, 
replace the cork, shake the mixture and f^ain 
weigh. The difference between the two weigh- 
ings gives the weight of the mineral water. 
Loosen the stopper and heat the contents of 
the flask for some time upon a water bath, in 
order that the amorphous carbonate of calcium 
at first formed may become crystalline. With- 
out disturbing the sediment at the bottom of 
the flask, pour the clear liquid upon a small 
plaited filter and allow the filter to i!rain; 
then, without washing either filttir or precipi- 
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tate, throw back the filter with ite conteots the acid solution, heat the latter carefully until 

into the flask and determine the earhonie acid it boils, then add a few drops of litmus, aud 

hy deeomfiosing the carbonate with an acid determine the amount of free acid by titrating 

and collecting the Cartionic Acid in foda-iime, with a standard solution of soda. Or, better, 

in the manner described on p. 9i. — Incase omit the boiling and use Cochineal instead of 

the mineral water contains an alkaliuo bicar- litmus to imlicate the point of saturation. By 

bonate, it is well, a,fter filling the flask, to add subtracting the amount of acid neutrfjized by 

to the liquid enough chloride of calcium to the soda from the quantity of acid taken to 

decompose the bicarbonate. It is unnecessaty dissolve the carbonate, the amount of acid neu- 

to make any correction or allowance in this tralized bj- the latter will be obtained. The 

uasie, for (he trifling solubility of carbonatu of proportion of calcium in the pi-ecipitate, tliat 

calcium In water. ^ The method ia accu- is to say, the amount of calcium equivalent to 

rate, simple and expeditious, and is very much the aci[l thus neutralized, may readily l>e ca!- 

to tie preferred te the old method of treating culated fk>m these data. 

the mineral water with a mixture of chloride B. The esthnalhrt of Carbonic Acid may 

of calcium, or chloride of barium and ammo- evidently be efftjcted in the same way as that 

nia-water, and afterwards weighing or titrating of calcium, by the method just described, it 

the precipitate. (Fresenius, Zeitsch. annlyl. being merely necessary to calculate how much 

Chem., 1868, 2. 66). carbonic acid is equivalent to the amount of 

In case the mineral water to be examined is standard acid neittraltzed by the carbonate, 

contained in a bottle, it may be transferred to The manner of applying the process will ap- 

the lime flask by means of a syphon, after the pear more fully in the following paragraphs, 

bottle and contents have been cooled to about . C. PeSeTiko/ei-'s method of estimalinff car- 

4°. Jf the water were poured directiy from ionic acid hy lime waier. Pl^pare a standard 

the bottle into the flask, some free carbonic solution of oxalic acid aS the strength indicated 

acid might flow into the latter with the water, in the description of the analtgoos process 

Sometimes the process above given of weigh- with baiyta-water (see Carbonate oS Barium), 

ing the mineral wat«r, had better be dispenseil Standardize a quantity of lime-water with this 

with, and only the volmne of the water de- oxalic acid in the same way the baryta-water 

termined. ia standardized, and proceed with the analysis 

Thus when water is collected at a spring by as follows:— Measure off 100 c. e. of the spring 

opening a large pipette, or a flask provided ^ater or other dilute solution irf carbonic acid 

with two orifices (Mohr, Annakn der Pharm., to be analyzed, into a dry fla*; add to it S 

1834, 11. 231 or TitrirraelhBde, 1855, 1. 115), c. c. of a highly concentrated solution of chlo- 

beneath the surface of the water and then Hde of calcium, 2 c. c. of a saturated aqueous 

closing and withdrawing the vessel with its solution of chloride of ammonium, ami 46 c. e. 

contents, it is easy to determine the capacity of the standard lime-water. Close the flask 

of the pipette or flask beforehand, and to with a caoutchouc stopper, shake its contents, 

transfer its contents directly to the lime flask aijd ipave it at rest for 13 hours in order that 

witiiont need of further measurement. the amorphous carbonate of calcium, at first 

2. By predpitcUing Willi a mixture of cMmide thrown down, may become crystalline. The 
of calcitan anil ammimia. See the similar total volume of liquid in the flask amounts to 
heading under Carbonate of Barium, and bfe 150 c. c. Take out two portions, each of 
low under Principle lit. 50 c. c. of the clear liquid, and by means of the 

3. Peltentofer's method. See below, and standard oxalic acid and turmeric paper, deter- 
linder Carbonate of Bariijm, also. mine in each portion how much hydrate of cal- 
cium atiU remains free and uncombined with 

Principle III. Power of neutralizing acids, carbonic acid. Precisely as in the operation 
Ajpplicolions. Estimation of calcium, of car- of standardizing, the experiment upon the first 
bonic acid, and of most free acids (see Acid- portion of liquid will give an approximation to 
imetry). the truth, and that with the second portion an 
Methods. accurate result. Multiply by 3 the number of 
A. Entimaiion of Calcium (Compare Alka- c. c. of oxalic acid used in the last experiment 
■ ■ and subtract the product from the number of 
ir the moist precip- e. c. reijuired t6 neutralize 45 c, o. of the stan- 
ti is fol)eexamined,a njo^aured qoan- dard lime-water. The difference will show 
iity of tjitrio or chlorhydric acid of known how much iime has been precipitated by car- 
strength, taking care to use a little qiore acid bonic acid, and, as has been said, each o. c, of 
than woijld be suflicient to dissolve the carboft- the acid corresponds to 1 millig. of CO,. 
ate. To do this, place the carbonate in a flask The chloride of calcium is added in the case 
snd pour the ^cid slowly upon it froitt a bu- of a mineral or spring water, as supposed above, 
I'ette in such manner that i|0 portion of iJje to decompose aiiy traces of carbonate or other 
liquid shall be thrown out of the flask by the alkaline salt whose acid might be precipitated 
escaping carbonic acid. In order to drive out by lime-water. The purpose of the chloride of 
^he cai'boniB aeid whiph renjaiija disBOivsd m ammonium, on the ether hand, is to prevent tha 
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OF CALCIUM. lOo 

precipitation of magnesinm in case any com- Pour into tie flaak a measured quantity of 

pound of that raetaf be present. Tiie aiidition standard nitric or chlorliydric acid, more than 

of chloride of calcium is beneficial, moreover, sufficient to diiisolve the whole of the preeipi- 

in case the lime-water happens to contain tate, heat the liquid to expel the carbonic acid 

traces of free caustic alkali, or the carbonic and titrate tie excess of acid with a standard 

acid water any carbonate of magnesium, for, alkali, aa described under Alkalimetry. The 

in the absence of chloride of calcium, an oxa- point of saturation may be iudic^^ either by 

late of eitber of the alkali metals or of mag- Litmus solution added to the liquor, or by Tur- 

nesium would react upon the carbonate of cai- meric paper as in Pettenkofer's process above 

cium, which is almost always contained in car- described, 
bonic acid waters, to form ox^ate of calcium 
and a carbonate of an alkali or of ma^esium, 

and the latter would immediately combine again the corresponding process witli carbonate of 

with oxalic acid. barium, in spite of the fact that carbonate of 

If the water under examination contains barium is more nearly insoluble in water than 

nothing but carbonic acid, it is merely neces- the calcium salt, ibr precipitated carbonate of 

lary to add lime-water (or better, dilute baryta- calcimn is far less buflty than carbonate of ba- 

water) to it, and heat the mixture for some rium, and is more readily filtered tlian the 

time to 70° or 80" to facilitate the change of latter, since it ie leas liable lo clog the pores of 

the amorphous carbonate to the crystalline con- filter paper. The comparatively high atomic 

dition, but in case any chloride M ammonium weight of carbonate of barium has no signifi- 

has been added to the mixture no heat should cance in a process where the precipitate h not 

be applied lest some ammonia be expelled to be weighed. Like the carbonate of barium 

This process was formerly recommended by process, however, the method of precipitating 

it| author tor the analysis of waters containing carhonite of calcium from an ammoniacal so- 

but little carbonic acid, while the analojfous lution is exposed to several sources of error, 

method with barytarwater was preferred for and is no longer held in much esteem, 

analyzing waters highly charged with carboniL In case of need, the process may be applied 

acid. In his later papers, however, Pettenkofer to the estimation of ^eous carbonic acid. In 

urges that the process with baryta-natei be that event, the details of the method remain 

always used, to the exclusion of lime-water, for unchanged, with llie exception that the gas is 

the amorphous carbonat* of calcium which made to flow into a mixture of chloride of 

forms when lime-water and carbonic acid are calcium and ammonia-water, or better, into 

first mixed is somewhat soluble in water, and ammoniarwater to which chloride of calcium 

exhibits an alkaline reaction which may easily is afterwards added. 

vitiate the titration. In presence of an excess Properties of Carbonate of Cakiian. The 
of lime-water the amorphous carbonate of cal- precipitate as ordinarily obtained, is a soft, 
cium changes to the msoluble crystalline state white powder, scarcely at all soluble in abso- 
oomparatively slowly. Baryta, moreover, ex- lutely pure, cold water, but appreciablj; soluble 
hibits a stronger alkaline reaction than an in ordinary distjiied or other water which con- 
equivalent quantity of lime. tains traces of carbonic acid gas, and the solu- 

D. Old mhtkod of coUecling carionic acid in tion thus obtained exhibits a faint alkaline re- 

a mixture of chloride of coicium and aramonia. action. It is somewhat more readily soluble in 

Alt that has been said under Carbonate of Ba- boiling than in cold water. It is far from bang 

rium of the preparation of the absorbent solu- insoluble in cold aqueous solutions of ammo- 

tion and the precipitation of the carbonic acid, nium salts, such as the nitrate and chloride, 

applies here as well, with the exception that and dissolves readily in hot solutions. The 

chloride of calcium must be substituted for the presence of free ammonia and carbonate of 

chloride of liarium. There is, however, in ammonium, however, hinders the solvent ac- 

this case no need of bringing the whole of the tion of the ordinary ammonium salts. Solu- 

precipitate upon the filter, nor of rubbing off tions of the normal salts of potassium and 

those portions of it which remain sticking to sodium have a tendency to dissolve it, but their 

the flask. Aflier the precipitate has been action ia more feeble than that of ammonium 

thoroughly washed, put the funnel which holds salts. Carbonic acid water dissolves it easily, 

the filter into the neck of the flask in which It cannot be precipitated from solutions which 

the precipitate was formed, push a glass rod contain citrates or metaphosphates of the alka- 

through the point of the filter and wash as lies. (See, further, Dictionary of Solubilities), 

much of the precipitate aa possible from the For use as a reagent, pure carbonate of cal- 

filter into the flask, (hen spread out the filter cium may be prepared as follow s^^Dissolve a 

upon a plate of glass, waah off the last parti- q^uantity of white marble or of ignited stalac- 

cles of the precipitate into the funnel and tite, in chlorhydric acid, neutralize the solu- 

flask, and boil the wash water gently for half tion with ammonia -water, heat the mixture to 

an hour. The purpose of the boiling is to ex- boiling and filter to separate the small quantity 

pel ammonia, soms of which is retained by tiie of ii'on and alumina which is thrown down, 

precipitate even after long continutrd washing. Heat the filtrate to boiling in a large beaker, 
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and throw into it, one by one, small bits of cium and caustic lime. The mixture is filtered 

Bolid carbonate of ammonium until tbey cease and the powder well washed; aquantitv (lor 2 

lo dissolve. Wash the heavy crystalline pre- ffrma.) of carbonate of ammonium in solution ii 

lipitate by decantation with hot water. (Mat^ then added to the filtrate and the latter is evap- 

thiessen). orated to a buli of about 80 e. c. A little more 

Principle IV. Power of precipitating iron, carbonate of ammonium together with a few 

aluminum, manganese, chromium, etc. See drops of ammoniarwater is added to ensure a 

the Hydrates of those metals. For lists of the completeseparationof thecalcium,andthem!x- 

Bubatancea precipitable by carbonate of calciam ture is again filtered. Collect the filtrate and 
see that substance in Kctionary of Solubili- . waahinga in a weighed platinum capsule and 

ties. evaporate to dryness on a water bath. Place 

Principle V. Insolubility in an aqueous solu- the capsule in a capacious iron cup and heat 

IJon of cyanide of potassium- the latter so that the contents of the platinum 

Applicalions. Separation of Ca from Co, capsule within It may be thoroughly dried. 

Hi and Zq. Finally, heat the capsule carefiilly almost to 

Method. See Carbonate of Cobalt, redness to drive out tiie ammonium salts, cool 

Principle VI f For the use of carbonate of and weigh. The alkali chlorides thus obtained 

calcium, or rather, of oxide of calcium, in de- are nearly pure, though a trifling amount of 

composing silicious minerals, see Silicates. black residue will usudly be seen on dissolving 

The foUowing account of Lawrence SmitJi's them in a few drops of water. This residue 
method of separatiitg atkalies from refractory mayberemoved,if need be, by filtering through 
silicates by decomposing the mineral with cm-- a very small filter. ^ Frof. Smiths process 
bonate of calcium and chloride of ammonium, is by fiir the most convenient and aecorafe for 
is taken finro Prof. Johnson's edition of Fre- separating the alkalies from silicates, and is 
senin^s Quoiif. Analym, Sew York, 1870, p. universally applicable except perhaps in pres^ 
303. Though out of place in this connection, ence of boracic acid. (Johnson, loc. eil.). 
the importance of the process is such that early .SiCarbOnatO Of Calclum. 
mention should be made of it. ■— . Mix 1 Principle. Power of neutralizing acids, 
part of the pulverized silicate with 1 part of Application. Estimation of bicarbonate of 
dry crystallized chloride of ammonium by gen- calcium in natural waters, 
tie trituration inasmooth mortar, then add'8- Method. The method is merely one of 
parts of pure, precipitated carbonate of calcium, Acidiroetry, in which a solution of phosphate 
and mix the whole intimately. Transfer the of copper in chlorhydric acid J3 made to servo 
mixture to a platinum crucible, taking care to both as the standard acid and as tiie indicator 
rinse the mortar with a little carbonate of caU of lie point of saturation. — To prepare 
ciain. Warm the urucible gradually over a the copper solution , mis a solution of tuprio 
snjall Bunsen burner until fumes of aminoniuin chloride with one of ordinary phosphate of 
salts no longer appear; then heat to full rod- sodiunl, wash the phosphate of copper which 
nesi, but not too intensely, daring 30 or 40 is precipitated, mix the washed precipitate 
minutes. An ordinary portable furnace or with water, and add to the mixturemoderately 
chafing dish provided with a conical sheet-iron strong chlorh^drb aoid, drop l^ drop, until, 
cap or chimney 2 or 8 feet high wjU mve heat the chlorhydnc acid being alightiy in excess, a 
enough for the purpose, in default of a large dea* solution is obtained. When such a solu- 
Bunsen lamp. — The mass in the crueiUe tion is dropped into a solution of bicarbonate 
should sinfjir tocjether byt not fuse. When of calcium — or of any carbonate or bicarbon-^ 
cold, it may usually be detached with ease from, ate of either of the alkali-or alkiJine-earUiy 
the platinum. Heat the sintered lump to boil- metals^^a quantity of the phosphate of co[>- 
jng in a capsule with 100 e. e. of water for per is precipitated, at firet, as the calcium, 
aeverJ hours, or until it is entirely disinteg- or other alkaline metal, neutralizes the free 
rated and fallen to powder. Jn case the lump, chlorhydiic acid; but the liquid soon becomes 
from having been overheated, remain partially clear again when a further portion of the cu- 
coherent ^^r long boiling, it may be trans- pric solution is added, for the precipitate re- 
ferred to a porcelain mortar, ground to fine dissolves in the free acid which this solution 
powder and then boiled as before. Some sili- contains. ^ The moment at which the tur- 
cates, notably those containing much protox- bid solution becomes clear, is taken as the point 
ide of iron, fuse easily with the proportions of of saturation, Ibr the quantity of cupric solu- 
flux above given. It is best when this hap- tion required to effect tlie precipitation and 
pens to repeat the ignition on anew quantity re-solution is proportionaltotheamountof base 
of the mineral, using as much as 10 or 12 parts in the substance tested, and consequently to 
of carbonate of calcium and taking care to the amount of carbonic acid which was com- 
bring only the lower three-fourths of the cru- bmed with the base to form a bicarbonate, 
cible to a red heat. — When completely The presence of fl^e carbonic acid, that is to 
disintegratedbyboiling with mater, the Mntert'd say, of an excess of the acid over and above 
mass gives up to the water all the alkahea as what is necessary to form a bicarbonate, has 
shlorides, together with som^ chloride of cal- no influence whatever upon the indications of 
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the process. — The oupric solution is stand- collect the precipitate upon, s filter and wash 
ardized against pure, dry cavbonate of sodium, with a solution of carbonate of amnwaiium. 
To this end dissolve 0.265 gnu. (equal one two- To estimate the cobalt, disscJve the mixeii 
hundredth of an equivalent) of the dry salt in precipitate in chlorhydric acid and proceed in 
distilled water, dilute the solution to the vol- the usual way. The nickel may be determined 
ume of a litre (see Alkalimetry), and saturate in the filtrate. (L. Thompson, Zeitseh. analvl. 
the solution with carbonic aeid gas. The CAera., 1864, 3. 375). Expetimeats by Wink- 
copper solution may be made of su<3i strength ler, iUd., p. Sr6)^fi;o to show that the processi 
that 4.4 c. c. of it will saturate, in the manner as presented by l&impson, is wholly nnflt for 
explruned above, 100 c. c. of tbe standard soda quantitative use. Not only is smae carbonate 
solution. With a liquid of this strength, it will of nickel always found in tlie precipitate, but 
only be necessary to multiply by 22 -f- 44 ( = a quantity of cobalt invariably remains in so- 
0.5) the number of e.c. of the hquid consumed lution and passes into the filtrate. 
in titrating any 100 c. c. sample of natural Carbonate Of COppor. 
water, in order to obtain the amount of car- Principle I. Solubility in an aqueous solu- 
bonic acid in. that water expressed in terms of tion of carbonate of ammonium, 
centigrammes. It is well also to employ a AppScalions. Separation of Cu fixan Bi and. 
burette graduated to fifths of cubic centime- Cd. 

trcB. ^ The process is sdd to be superior Method. See the CaryOnates of Bismuth and, 

to that of Barthelemy (see Carbonate of Mer- of Cadmium. 

cury), inasmuch as it is applicable to waters Prmmple II. Solubility in an aqueous aolu- 

contaminated with chlorides and sulphates. It tion of cyanide of potassium, 

succeeds better with bicarbonates than with AppUeations. Separation of Cu from BL 

the normal carbonates, and may be applied to and Pb. 

either of the bicarbonates as well as to bi- Meihod. See Carbonate of Bismuth and 

carbonate of calcium. (Lory, Chemical News, Sulphide of Copper. 

18. 169). Principle III. Insolubility of the basic car- 

Carbonate of Cobalt. bonate. 

Principle I. Solubilit;y in an aqueous solu- Applications. Estimation of copper in acid 

tion of cyanide of potassium. solutions. Separation of Cu livsm Ma. 

Applicatiom. Separation* of Co from Ba, Method. Some years since, H. Rose (Hand- 
Sr, Ca and Al. buch anaiyt. Chem., 1S51, 2. 188) stated that 
Method. Mix the solution with a slight ex- copper cannot be completely precipitated by 
cess of carbonate of sodium. Add a quantity means of carbonate of potassimn. According 
of cyanide of potassium solution to the mixture to this chemist a certain proportion of the cop- 
of liquid and precipitate, and heat the whole per remains obstinately in solution, and caa 
gently until the whole of the carbonate of only be obtained by evaporating the liquid to^ 
«obalt has re^ssolved. Collect the undissolved diyness and gently igniting the re^due. But 
carbonate of the alkahne earths upon a filter, Gibbs has found that Bose's statement is tooi 
and precipitate the cobalt in the filtrate as strong; the whole of the copper maybe prfr- 
Gobalticyanide of Mercury. dpitated by alkaline carbonates (eosa solutions 
Princxple II. Insolubility in water. of sulphate, nitrate or chloride crfci^per when 
Carbonate of cobalt may be precipitated, by the latter are sufficiently dilute and are boiled 
adding an alkaline carbonate to the solution of for a long time with the carbonated alkali. 
a cobalt salt. But the precipitation can with Tlie best method of effecting the precipita- 
difficulty be made complete even by long con- tion is as follows; — Dilute the copper solution 
tinaed boiling. The principle is not to be until it cont^ns no mpre than one gramme of 
recommended as a means of determining cb- copper to the litre. Add a solutiou of carbon- 
bait. (Gibbs & Taylor, American Jown. Scl, ate of potassium or of sodium, in slight excess, 
1867,44.214). and boil the mixture for half an hour. The 
Carbonate of Cobalt and of boiling proceeds quietly tvithoutbumpine; the 
Calcium. blue-green carbonatesoon becomes dark brown 
Principle. Insolubility. and the oxide or basic carbonate finally ob- 
AppUcation. Separation of Co from Ki. tained has afine granular character which ren- 
Methodi Dissolve the mixture of cobalt and ders it extremefy easy to wash. The small 
aickel in a slight excess of chlorhydric aeid portion of the precipitate which usually ad- 
and add to tiie solution 10 parts of chloride of bercs to the sides of the vessel in which the 
oalcium and 10 parts of chloride of ammonium boiling takes place, must be redissolved in 
for every 3 parts of the mixed oxides which acid and again precipitated; but great car» 
are contained in it. Mis the solution with must be taken not to add too laige an excess 
150 parts of cold water and 20 parts of ses- of the alkaline carbonate, lest a solution be 
quicBrbonate of 'ammonium, previously dis- formed from which the copper cannot be pre- 
Bolved in 100 parts of cold water, and grad- eipitated by boiling. If the process be well 
ually heat the mixture to boiling. After the conducted, the original filtrate will be per- 
flolution has been allowed to cool and settle, feotly free from copper. The washed precip- 
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itate may be ignited in a current of hydrogen, no trace of carbonic acid, but dissolves in car- 

and the Copper weighed as fucli; it will bo bonic acid water. According to Freseniua, 1 

found to be free from alkali. The ignition part of it dissolves at the ordinary temperature 

must be carefully conducted, since the ignited in about 60,000 parts of water whicli baa been 

precipitate is so finely divided that pardoles of boiled. It is more soluble in water charged 

It are liable io be carried off in tie current of with ammoniacal salts than in pure water. On 

gas. (Gibba & Taylor, American Journ. Sei, ignition it loses its carbonic acid readily. 

1868, 44. 218). When thrown down by an excess of bicarbon- 

For l!ie method of seporaling Cu from Mn, ate of sodium the precipitate retains (races of 

see Carbonate of Manganese; as well as the the sodium salt. 

description above given. Test the filtrate Principle II. Insolubility in an aqueous 

from the mixed carbonate with suiphydrate of solution of cyanide of potassium, 

ammonium, to be sure that all the copper has AppUcalimu. Separation of Pb from Cu, 

gone down. Cd, tis, Ag and Au. 

Carbonate of Lead. * MefJiod. See Carbonate of Bismuth. The 

Principle I, Insolubility in cold water. carbonate of lead thus precipitated always 

Apj^icaliom. Estimation of lead in all salts contains alkali. It may be dissolved in nitric 

of that metal which are soluble in water, or acid and reprecijiitated by carbonate of am- 

frora which the lead cbn he dissolved by nitric monium, as in Prineiple I, or as Sulphate of 

acid. Separation of Pb from Mn. Lead. Or it may be reduced to metallic Lead 

Method. Add a slight eiccess of carbonate by fusion with cyanide of potassium, 

of ammonium, together with a small quantity £a.«ic Carbonate Of'MagneSium. 

of ammonia- water, fo the moderately dilute Principle I. Insolubility in water, 

solution of the lead salt. Heat the mixture Applicalions. Estimation of Mg in presence 

for some time, and allow it to settle until the of K, and in a solution of Mg in carbonic acid 

* liquid has become cleai', then collect the pre- water. (Method A). — Separation of K 

cipitate upon a small, thin Ulter and wai^ it ftom a mixture of Mg, Ba and Ca. (Method 

with cold water which ha« been recently boiled B). — Separation of Mg from Mn. 

to expel carbonic acid. Ignite the dried pre- ^ Method A. To estimate magnesium in pres- 

cipitate in a porcelain crucible and weigh as 'ence of alkalies, when the quantity of the 

Oxide of Lead, The filter should be burned latter is not to befletermined, boil the solution 

by itself upon the cover of the crucible, after strongly for a long time with an excess of car- 

the precipitate has been removed from it as bonate of potassinm, and wash the precipitate 

completely as possible. It is well also to with boiling water. The washing must be 

moisten the cold filter-ash with a drop or two proceeded with without interruption until a 

of nitric acid, and to evaporate and ignite few drops of tlie filtrate leave only a small 

before weighing. ^ The process is a tolei^ residue when evaporated on platinum foil. 

Jibly Baijsfectory one, though the results oh- Though the compound is somewhat soluble in 

tained are usually somewhat too low, on ac- water, it is less so in hot than in cold, and 

count of the solubility of the precipitate. It comparatively little of it is taken up by water 

is easy to incur loss also in burning the filter, which is boiiing hot and free from carbonic 

through reduction of some of the precipitate acid. The driea precipitate is ignited strongly 

left upon the paper. The method, however, and the residue weighed as Oxide of Magne- 

is better than that which depends on the insol- slum. ^ This method was formerly much 

nlrility of Oxalate of Lead. (Mohr and Fre- employed, but is no lonojer held in esteem. It 

aenius). is inconvenient and liable to several sources of 

Lead may be precipitated as completely by error. Hence it has been superseded by the 

means of the bicarbonate of potassium or so- method which depends on the insolubility of 

dium as by carbonate of ammonium; normal Phosphate of Magnesium and Ammonium, 

carbonate of lead being thrown down in both The normal carbonate of magnesium, which 

instances. But the precipitation is not com- may be supposed to be precipitated at the mo- 

plete with the normal alkaline carbonates, and ment when carbonate of poCassiucn Is added, 

a not insignificant portion of the precipitate is decomposed, by boiling, into an insoluble 

may be dissolved in case it is heated with an basic and a soluble acid carbonate, and in 

excess of the normal carbonate of either of the order to decompose the latter completely the 

fixed alkalies. (H. Rose). liquor has to be boiled for a long time. A 

For Ike separation of Pb from Mn see Car- similar remark applies to the case where mag- 

bonate of Manganese. Add carbonate of nesium is to be determined in a carbonic acid 

ammonium or bicarbonate of sodium to the water solution. ^ The mixture must be boiled 

filtrate from the mixed carbonates of Pb and strongly from first to last, in order to avoid a 

Mn, to ensure the complete precipitation of diflicultly soluble compound of carbonate of 

the lead. m^nesium and carbonate of potassium, which 

Properties, Precipitated carbonate of lead forms at moderate heata. Cai"bonate of so- 

is heavy, white and puirerulent. It ia almost liium is somewhat inferior to carbonate of 

absolutely insoluble in water which contains potassium as the precipitant, since an insoluble 
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doable carlxiiiate forma more readily with of water dissolves O.IOS grm. of normal (?) 

sodium than potassium. Both these double carbonate of magnesium. {Zeilsch. ana.yt. 

comnounrta are decomposed by ignition, or CTiem.. 1869, 8. 91). ... , . ., 

rather, after ignition it^s easy to wash ont the Principle II. Solubility in carbonic acid 

alkaline carbonate from the oside of magne- water. _ „ ,, ~ ,, , 

slum — Since it is not easy to determine AppHcatwim. Separation of Al irom Mgantl 

when all the magnesium has been precipitated, from both Mg and Oa, if the proportion oi tlie 

and since some of Jt would inevitably remain latter be very small. , , , - . 

dissolved if U.e boiling were stopped too soon, Metk >d., tla^^e the cold, moderately aeid 

it is well to evaporate tlie Kquid to dryness in rather ddnte solution m a beaker provided with 

■ ■ ■ ) that the Reparation is com- a suitable cover. Add a solntion of bicarbonate 

. on.l let. tSiP. hfiiled mixture of ootasstum or sodium prepared in the cold, 



plete. To this end let the boiled mixture of potassium or sodium prepared i 

MttJe, decant the clear liquor into an evapo- as long as any effervescence occurs, or any pre- 

ratinff dish, best of platinum, throw the pre- cipitate faUs. Violent effervescence occurs 

cipitate upon a filter and add the filtrate and during the precipitation, all the alumina is 

fi^t portKns of wash water to the liquid in tbro^vn down in tTie form of a bydrat*, while 

the dish. Boi! do™ the liquid rapidly to the magneaum remains dissolved m the liqmd 

absolute dryness, heat the residue strongly, and charged with carbonic acid. An*"", "»« n.ix- 

aftev the dish has become cold treat the resi- turelias been allowed to stand for 12 hours 

due with hot water. Collect the small portion decant the clear liquid into a filter and wasn 

of the mass that remdns undissolved, upon a the preeipiute. first with cold carbonic acid 

small filter, and wash it by itself. To avoid waterbydecantation.andafterivards with pure 

loss in the process of drving, place the dish, at water upon the filter. Carbonic acid water 

h»t, within a capacioui iron cup and stir its for the waduug may be P^P^'' ^J' f "^ 

contents continuSiy, at a gentfe heat, until adding to a high> dilute soludon of bca^bon- 

the mass is completely dry. The hquld must ate of potassium or sodium a small quantity ol 

be boiled BtrongV during tiie process of evap- chlorbydnc acid, insufficient to combine with 

oration in order to hinder the saHne matter the whole of the_meti.I._ — .1^^^^^"™™^ 

from creepii^ over the edge of the dish. The be determined directly in the hltrate, as rhos- 

original method of evaporating ti.e entire phate of Magnesium and Ammonium The 

Biilture of pre<4pitate an5 liquilto dryness is. alumina precipitate is often free or almost fiee 

not to be commended, (v. Bonsdorf, Pogg. from any trace of magnesium (H. Ease) but 

^nnn/.,18. 128). — In ease the magnesium since it is liable to retoin some aJKaJi, it naa 

solution contains ammonium salts, carbonate of better be dissolved in chlorhydnc acid and tiie 

notissium, must be added to destiwy tbem. A solution treated with ammonia-water to throw 

lai^ excess of carbonate of potassium is down Hydrate of Aluminum. — Ihe pro- 

added to the liquid, the mixtui-e is warmed cess was formerly much employed and would 

until the odor of ammonia ceases to be per- still appear to be valuable, 
ceptible more carbonate of potassium is added, In case tiie method is emploj^ed for se^arat- 

and the misture again warmed to make sure lug both lime and mi^nesium h^m aluunnum, 

- ^ - ■ ■ • till solution sliould be very dilute and a stop- 



that tne wnoie oi iim amuioiiu* uaa uoon i^- ^c iiu.u...i.>. ™ — ■- -- ■-.,—- , . , , j-. 

palled, «iid tk« liqua 1. Siuiny boil.d .s »bove p«red tai iJiould be omplojed, m.tead ol a 

described. In e^^ the boiled liquid fails to beaker, to effect die precipitation. Satisfactory 

al,e a .«»« alkaline reaction with red litmn. resnlt. can be obtaiiifd only .ton tte jajntilj 

paper, a new quantity of carbonate of potas- of lime is yery small, since it is liable to be re- 

slum must be added; and the mixture again tained by the alumina. , ,„„i;,;_. ,,.i,1. 

boiled fH.Eose,irai«lfincA, 1851,3. pp. 33- Principle III. Power of neutralizing acids, 
37,62). w , , ff Applilaiian. Valuation of the commercial 

MeihoiS. Heat the chlorhydrie acid solu- carbonate. „„fn,„„,tw 
lion of mawesiam, calcium, barinm and the Jfaloi Dissolve abont a gramme of the sab- 
alkalies to^taal boiling, add a solution of stance to be tested in tO or-IO o^ c. of normiJ 
carbonate of sodium, drop by drop, as long a. nitric acid, taking care » meaaure the ""i '"J 
Say preelpital. continues to li.fl, and lod to use an e.ces. of it. Determine the etce„ of 
.tangly uilil the yolaininous precipitate be- acid by titration with a staadard solution of am- 
cometcompaet and grandar, % the ptecipi- monio^nlphateof copper{soe4eidimetry), and 
tate is boitd long enoagh It can be washed subtrmit this excess Iron, the amount ol acid 
ftee from pot^isiam. Aeidul.to the lltrate taken. Ihe difference will be eqmvalent to tke 
with chlorhydrie acid, and determine the po- amount of m'agnesinm in the substance. ±ne 
tassinm as CMoroplatinate of Potassium. (Stoh- results obtained are nsnally somewhat too low. 
mann ZiUach. andyt. Chem., 1866, 5. 307). The process is of technical application only , 

For lis maUi »/ separating Mg >-o» Afn, it has no chUm to soientiJo aoearacy. — lo 

■ee Carbonam of Manganese. stead of the ammonio-sulphate ol copper, <t«n 

According to BineTu, 1 litre of water dis- dard ammonia-water may be employed to de 

solves O.OG grin, of three-fourths carboaate of termine the excess of acid, but, according t 

magnesium. According to Chevalet. a litre Mobr, the copper soluUon is to oe proierieu. 



lyGoogle 



In any event magnesium is less conveniently but it is always safer to dissolve it by means of 
determined by alkaUmetric methods than either an excess of the precipitant and by agilation. 
of the metals of the aJkaline earths. When The ftnal precipitate is granular and may be 
normal nitric acid and litmus solution are added washed readily. It does not adhere firmly to 
either to carbonate of maeneaium or to calcined the sides of the beaker. But the chief merit 
magnesia, the red color of the litmus very soon of the process consists in its appiicabilicy even 
changes to bine and remains so as long as any in presence of large quantities of salts of am- 
trace of the magnesium compound is left nn- monium or of the fixed alkalies. It is only- 
dissolved. On adding more of the acid, until necessary in that case to let the mixture stand 
the color appears bright red, and then titrating for 24 hours and to stir it frequently. The 
backwards with caustic soda nntil the liquid process is inapplicable in presence of phospho- 
becomes blue, results are obtained which indi- ric or arseme acids. { Schafeotsch, Pogg. 
cate too little magnesium. (Mohr, Titrirmeth- AnnaL,XQ4:. 482; H. Weber, Kopp's Jahres- 
ode, 1855, 1. pp. 80, 357). berwht, fiir 1858, p. 606). 

Principle IV. Decomposition of by solutions The behavior of the double salt towards sol- 

of ferric salts, while hydrate of iron isprecip- vents has been studied in some detail by Divers, 
itated, (Compare the Carbonates of Barium (Joum. Londi-n Chem. Soe., 15. 196; Zeilsch. 

and Calcium), analyt. Chem., 1. 474), who appears, however. 

Application. Separation of FejOs from FeO t« have been ignorant of the labors of Schaff- 

in sulphuric acid solutions. gotsch and Weber. According to Mvers, the 

Method. See Hydrate 6f Iron. In this pro- solution of normal carbonate of ammonium 

cess the normal carbonate (magnesite) must be may be made to contiiin 1 part of salt to 6 

employed. The basic carbonate ( magnesia- parts of water. About 4 equivaients of the 

alba) will not answer. carbonate of ammonium should be taken for 

BiCarbonate of Magnesium, each equivalent of magnesium to be precipi- 

(Compare iiCarbonate of Calcium). tated; and one equivalent or more of chlpride 

Carbonate of Magnesium and of ammonium should be mixed with the mag- 

?f Ammonium. nesium solution before adding the i>recipitant, 

nnciple. Sparing solubility in ammoniated in order to prevent the precipitation of any 

■water. noraial carbonate of magnesium. •— The 

AppUcaiion. Separaticc of magnesium from compoatJon of the double salt is MgO, CO,; 

aie alkalies. (NHj)! O, COj-f iH^O. According to Sehaff- 

Melhod. Prepare an exceedingly concen- gotsch, 1 part of it requires 60,000 parts of a 

trated solution of the substance to be analyzed, solution of normal or jlightly alkaline carbon- 

and in case it be acid, neutralize, or slightly ate of ammonium for its solution. It is some- 

aupersaturat« it with ammonia-water. Add to what soluble in a solution of chloride of am- 

the liquid a large excess of a solution of normal monium, when no carbonate of ammonium is 

carbonate of ammonium which cont^ns rather present. Divers found 1 part magnesia in 4660 

more than one equivalent of oxide of ammo- parts of a mother liquor which contained an 

nium for each equivrfent of carbonic acid. To excess of carbonate of ammonium, some cblo- 

prepare this solution dissolve 230 grma. of com- ride of ammonium and a lai^e quantity of snl- 

mercial, solid, scsquicarbonate of ammonium in phate of ammonium. 

180 c. c. of ammonia-water of 0.92 sp. gr., and Carbonate of Manganese. 

enough water to bring the solution to the vol- Principle. Insolubility in water, 
ume of a litre. Stir the mixture strongly un- Applications. Estimation of manganese in 
til the voluminous precipitate which fwls at aU salts of that metal which dissolve in water, 
first, on the addition of the carbonate of am- excepting the saltsof some fixed oi'ganic acids; 
monium has completely re-dissolved. Then and ra aS compounds iirom which tlie manga- 
leave the mixture at rest for 12 or 24 hours, nesecan be dissolved out by chlorhydric acid. 
Collect the crystalline precipitate upon a filter, Separation of Mn ft'om Ca, Ba, Sr, Mg, Al, 
wadi it with the solution of noi-mal carbonate Fe, Zn, Cd, Pb, Cu, Bi and P^Oj. 
of ammonium, dry, ignite, and weigh the Oxide Method. Place the moderately dilute solu- 
of Magnesium. — In separating magnesium tion in a tolerably large beaker, cover the 
from sodium, the precipitate can readily be beaker with a watch-glass-shaped cover, at the 
wMhed free from fixed alkali; but if potassium centre of which a hole has been bored, and 
be present, some carbonate of potassium is re- heat tiie liquid. Pour a solution of carbonate 
tained by the precipitate so strongly tiiat it of sodium, drop by drop, through the cover 
can only be washed out ailer the precipitate of the beaker until it is slighUy in excess, 
has been ignited. The ignited magnesia must heat the mixture to boiling for a moment and 
consequently be washed with hot water in case afterwards allow it to setue nntil the liquid is 
potassium is present clear. The original manganese solution should 
It is not absolutely necessary that the pre- be slightly acid, but not too acid lest some of 
cipitate first formed should be completely re- the liquid be lost tbrough the violent evolution 
dissolved, since when left to itself in the hquid of carbonic acid gas. ^ In ease the man- 
it gradually contracts and becomes crystalhne; ganase solution contains any salt of ammo- 
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CARBONATES. 109 

nimn, a large excess of the alkaline carbonate Bat for erery two atoms of chlorine evolved 
must be employed, and die mixture be boiled there must have been present one molecule of 
down nearly to dryness, until no more fumes sesquioxide of manganese; — 
of ammonia escape, in order to ensure com- 
plete precipitation. The formation of dark MniOj + fiHCi^aMDCii + sH^ + so. 
colored oxide of manganese during the evapo- To find the weight of the other metal deduct 
ration does no harm. During the evaporation tie weight of the sesquioxide of manganese 
the cover of tlie beaker must oe takei) off. from the total weight of the miied precipitate. 
Wash the precipitate by decantation with and, if need be, add to the difference the 
boiling water, dry the precipitate and ignit* weight of the carbonic acid •■■'•'—^ — 



reigh as Manganite of Manganese (MnO, P?"**^ by the manganese during the ignition. 
MnjOa). In case the filtrate or wash water That is to say, for the metala Ba, Ca and Sr, 
from the carbonate of manganese is not abso- which retain carbonic acid on ignition, allow 



lutely clear, let it stand 18 or 34 hours in a one molecule of COj for every molecule of 

warm place and collect and wash lie dirty MujOa- — As thus far described, exeepfitg 

brown precipitate upon a special filter. When the case of iron or aluminum, the metliod 

carefully executed the process yields accurate presupposes that more than one molecule of 

results. MO is present for every molecule of Mn^Oj, 

Properties. Kecently precipitated manga- for if the proportion of MO were less than 
nous carbonate is a white floccuient substance, tins the ignited precipitate would Cont^n some 
scarcely at all soluble in pure water, but MnO, Mn^Oj, as well as MO, MnjOj. The 
somewhat soluble in water which contains car- process may be made avwlable. however, in. 
bonic acid. It is no more soluble in salts of all cases by the following modification : Weigh 
the fixed alkalies than in water, but dissolves out half as much oxide of zinc at there is 
rather easily in ammonium salts. It cannot be supposed to be MO and MnO in the mixture, 
completely precipitated in presence of ammo- dissolve it in chlorhydric acid, mix the solution 
nium salts, nor Js it precipitable in presence of with the substance to be analyzed and precip- 
citric and other fixed oiganic acids. When 'tate the whole with carbonate of sodium, 
left moist in the air, or when washed with wa- The ignited precipitate will contain the whole 
ter which contains air, the precipitate slowly of the manganese in the form of Mn^Og. 
takes on oxygen and becomes rusty through (Krieger, Annal. Ckem. und Pliarm., 87, 261). 
formation of nydrated sesquioxide of maji^a- T9 separate manganese front phosphoric acid. 
nese. — "When dried, out of contact with Fuse the weighed substance with carbonate of 
the air, the precipitate yields a white powder sodium for some time, boil the fused mass with 
of the compdsition MnO, COj -f" ^ A<i; but water, add a little sulphuretted bydrt^n water 
when dried in the air the powder is always to reduce ajiy manganic acid wKeh may have 
more or less colored. When heated to redness formed, collect the insoluble carbonate ta man- 
in the air, the powder becomes black and ganese upon a filter and wash, dry, and weigh, 
afterward brown. By long continued ignition as above. i 
it is completely converted mto MnO, i&^O^ Carbonate Of MerCUry. (Mercu- 

To separate either of the metals above enu- rous carbonate). 

merated from manganese, precipitate the latter Principle. Insolubility in water and solu- 

together with the other metal by means of bility in nitric acid. 

carbonate of sodium, as above described. Applicalions. Estimation of carbonic acid 
Wash the mixed precipitate thoroughly, dry, in bicarbonates, especially as they occur in 
ignite and weigh. The ignited precipitate natural waters. Separation of bicarbonates of 
consists of a mixture of MO, MuoOg -}- x MO, the alkalies from those of the alkaline earths. 
orofMO,MnjOs-l-»; {^MO, COj, accordingly Use aa an indicator in Acidimetry. 
as the carbonate of M is or ia not decomposed MeOiod. Prepare a solution of acid mercu- 
by ignition. In case the metal precipitated, rous nitrate by digesting an excess of quick- 
together with the manganese, is iron or alumj- silver with dilute nitric acid, pouring off the 
num, ali the manganese will be in the form of mother liquor from the crystals of the basic 
Mi^O,. ^ Place a weighed portion of the salt, and diluting it with 4 or 5 parts of water, 
ignited precipitate in a small flask, together By leaving the solution in contact with metal- 
with some pure concentrated chlorhydric acid, lie mercury it may be preserved for a long 
Heat the mixture, conduct the chlorine, which time. When this solution is added to dilute 
is evolved, into a solution of iodide of potas- solutions of bicarbonates of the alkalies or 
sium and estimate the iodine, which is set free, alkaline earths, at temperatures lower than 
by means of hj'posulphite of sodium. Or 80°, a precipitate falls which is white at first, 
estimate the Chlorine in any approbate way, but soon changes to yellowish-orange, or some- 
(Compare Manganites, and Manganite of Man- times to yellowish-green. This precipitate 
ganese.) In case the method with iodide of dissolves in an excess of the acid mercuroua 
potassium be used, the amount of iodine found nitrate, as well as in sulphuric and nitric acids 
will correspond, atom for atom, to that of the and in organic liquids, such as urine. Precip- 
chlorine set free from the chlorhydric acid, itat«s obtained, under analogous conditions. 
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110 CARBONATES. 

from tlic nornial carbonates are brown and Metliod. Same as that described under Car- 

iasoluble in an extess of the mercurous nitrate, bonate of Cobalt. 

Prepare a standard eoiution of bicarbonate Principe JI. Insolubility in water, 
of potassium by dissolving 0.6 gini. of the hi- Method. Same as ihat deBcrihed tin<'er Car- 
carbonate in wat«r to the volume of a liti-e. bonate of Copper. The ^evn basic cirhonate 
This quantity of the hiearbonate is equivalent of nickel, obtained by boiling tiie dilute eoIu- 
to 0.241 grni. of carbonic acid. Standardize tion of a nickel salt with an alkaline carbonate, 
ra quantify of the mercurous nitrate by pouiing may be washed much more readily than the 
it, drop by drop, from a Gay-Lussau ourette precipitate obtained hi- means of a caustic al- 
into muasured portions of the standard solu- kali. According to Genth, tlie process yields 
tion of bicarbonate of potassium, until the highly satisfactory results. {Gibos & Taylor, 
precipitate which forms at first has completely American Joum. Sci., 1867, 44. 214). 
]«diesolved. Kepeat the titration two or three Carbonate Of POtaSSiulTI. [Corn- 
times with different quantities of the biearbon- pare Carbonate of Sodium], 
-ate solution until tiie results agree. Then Prmc^e I. Fixity of the salt at modei^ 
titrate the bicarbonate, or the water, to he ately higli temperatures, 
■tested, in the nsual way. (See Acidimetry). Appkcalions. Estimation of potassium in 

Jn order to separate alkaline hicarbonates many potassium salts of organic acids. Valu- 

from hicarbonates of the alkaiine earths, pro- ation of argol and cream of tartar, 

■ceed as above, with one portion of water to be Method. Heat the salt gentiy for a long 

tested. Then boil another portion of 100 c. e. time in a covered platinum crucible, until ah- 

unfil the carbonates of the alkaline earths solut^ly no more visible fumes escape. "Wash 

have all been thrown down, filter, add water out the black porous residue from the crucible 

to the filtrate to replace what has evaporated, into a beaker, cover the latter with a watch 

saturate the filtrate with carbonic acid and glass, and add dilute chlorhydric acid to 

titrate with the niereui-ous solution to deter' flie solution as long as there is any efferves- 

miiie the proportion of alkaline bicarbonate, cenee. Filter the aiiidulated liquor, to sep- 

Or, add to a measured quantity of the water, arate the particles of carbon, evaporate the 

ft measured volume of standard caustic potash filtrate in a platinum cup and weigh the Chlo- 

(0.5 grm. to the litrej suflicient to change the ride of Potassium. Or, instead ol' chloi'hydrio 

biearbonates of the alkaline earths into neuti-al acid, use dilute sulphuric acid, and weigh aa 

salts, let the mixture stand ior severd days, Sulphate of Potassium. In some cases, as in 

decant the clear liquid, saturate it with car- the examination of tartar, it will he most eon- 

Tranic acid and titrate as before. Subtract, of veniciit to estimate the potassium in the cai-- 

^jourse, the bicarbonate of potassium which has honateby the method of alkahmetry (see below, 

resulted from the caustic alkali employed. Princijile JI). 

The presence of sulphates or chlorhiea in The carbonate of potassium in the crucible 
the water interferes materially with the success inust never be heated to the point of fiisioh, 
of the [jrocess, but when the proportion of and the crucible should be kept covered 
chlorine is not too iai^ the hicarbonates can throughout the operation. II' the crucible were 
still be determined approximately, as foUows:-^ left open and the residue roasted until it be- 
Measure out several portions of 100 c, c. each, came white, a considerable qnantity of earbon- 
of the water, acidulate them with nitiie- acid, ate of potassium would be lost through vola^ 
and observe about how many drops of the Stan-, lilization. A small proportion of the potassium 
dard mercurous nitrate are required in order ia usually lost in this way during the process of 
to precipitate the chloride and impart a dcfi- carbonbation, but the process nevertheless 
nite gray coloration to the liquid. Bj^ trj-ing yitlda perfectiy satisfactory rcsnlts when prop- 
several experiments it is easy to hit this point erly eonducted. If the process of heating be 
with sufficient accuracy. Then add the Stan- continued long enough a colorless solution will 
dard mercurous nitrate to a fi-esh, non-acidu- be obtained when the residue is ti-eated with 
lated 100 c. c. poition of the water, until, the water. (Braun, Zeilsch. analyt. CAem,, 1868, 
ydbwish-orange precipitate has disappeared 7. pp. 149, 160), See also Aug. Vogel (iW. 
and the liquid has acquired the gray coloration p. ii9) ibr quantitative experiments, showing 
aforesaid. ^ Since the mercurous nitrate the large aniount of carbonate of potassium 
acts upon caoutchouc, it carmot be used with which may be lost by volatilization, ^ It 
Mohr s burette unless the latter be provided Jj not well to bum the coaly residue white by 
with a glass cock or rt^nlated by a uhp at the throwing in fragments of nitrate of ammonium 
top. (BarthSlemy, Zeilsch. analyl. C/tem., (as directed by TI. Eose). because of the great 
1869, 8. 91). heat whicji would be prcxluced by the combus- 
Carbonateof Nickel. tion. Nor is it advisable to use nitric aeid 

Principle I. Solubility in an aqueous solu- instead of chlorhydric, as the solvent of the 

tion of cyanide of potassium. carbonate. 

Applications. Separation of Ni from Ba, Sr, In some rare cases it may be beat to weigh 

Ca and Al. carbonate of potassium as such, though, on ac- 
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CARBONATE OF POTASaiUM, 111 

const of ita tendency to deliqnesoe, the ealt ia Since botli si1ica.te aiid phosphate of potas- 
not well adapted for weighing. In that event, siuni have an alkaline reaction and behave to 
evaporate the solution to dryness in a platinum wards acids like the carbonate, th^ method o 
crucible and ignite the residue at a moderate alkalimetry hy neutralizatioD is incompetent to 
heat. A few small fragments of solid carbon- distinguish tbera trom the carbonate; cint they 
ate of ammonium maybe placed in tlie crucible do not interfere in any ivay with those metLods 
before the final ignition, in order to convert of analysis which depend upon the voktilizai- 
into carbonate of potassium any traces of caus- tion and quantitative estimation of the Car- 
tic potaidi which may be present. It is to be bouic Acid in the sample. — According to 
observed that in igniting carbonate of potas- Peraoz (Commies Renaits, 63. 2S9), the influ- 
duni in contact with carbon, some of the car- ence of sulphites, sulphides, and hyposulphites 
bonic acid is decomposed, carbonic oxide being may be avoided, so long as the eaiuple is free 
set free and caustic potash produced. This from carbon or organie matters, by using his 
decomposition occurs particularly when the method of fusion with bichromate of potassium 
carbonate of potassium is heated to fusion in (see p. 80). Fresenius destroj-s the sulphur 
' contact with charcoaL The crucible iu which compounds by igniting the weighed sample of 
carbonate of potassium is weiehed should have carhonate with chlorate of potassium, before 
a tight cover, to hinder the salt from absorbing proceeding to the treatment witli acid. The 
water from the air during the operation w" sulphur compounds are thus changed to inert 
weighing. All trouble from deliquescence may ' sulphate of potassium. But if any hyposul- 
be avoided, however, by igniting the carbonate phite be present, an equivalent quantity of the 
with chloride or with sulphate of ammonium carbonate will be destroyed by its oaidation. 
and weighing as Chloride or Sulphate of Potas- (See Carbonate of Sodium), 
sium, as the case may be. For methods of determining the proportion 

Principle II. Power of neutralising acids. of caustic and carbonate of potassium' in a 

Applications. Estimation of potassium in mixture of the two, like many samples of 

the commercial carbonate; in other words, Americiui potash, see under Alkalimetry, 

valuation of pearlash, saleratus, potashes and In case the carbonate of potassium to be 

wood ashes. Valuation of argol and cream of examined is contaminated with carbonate or 

tartar. hydrate of sodium, the proportion of potas- 

Meihods. The proportion of pure carbonate sium in the mixture may l>e estimated by one 
of potassium in any given sample of the com- cf the methods referred to at the close of the 
mercial article niaj' be estimated, either by de- article Alkalimetry. According to Fresenius, 
termininghow much of a standaid ai-id can the following process yields accurate results, 
be neutralized by a weighed quantity of the and ia tolerably expeditious:—- Dissolve in 
swnple (see Alkalimetry), or by determining water 6.26 grm. of the ignited pearlash, filter 
how much caibonic acid is <«t free nhen a the solution into a quarter-litre flask, add 
weighed quantity of the sample IS mixed with acetic acid to slight excess, and warm the 
a weighed quantity of acid or fused with an liquid to expel carbonic acid. After tie car- 
acid salt (see Carbonic Acid, volatility of, bonic acid has been driven off, add a solution 
Metiiods C and B; also p. 22). of acetate of lead, drop by drop, to the hot 

The eomioerci^ carbonates of potassium arc liquor until the formation of a precipitate of 
lirf>le to contain substiwices insoluble in water, — sulphate of lend jwsl ceases. Allow tie mix- 
such as carbonate, silicate, and phosphate of ture to cool, fill tiie flask with water to tho_ 
calcium, sand, and dirt, which may be removed mark, shake the mixture and tKen let it stand' 
by filtration; and neutral salts, such as the al- to settle; filter through a dry filter, and trans- 
kaline chlorides and sulphates, which have no fer 200 c. c. of the filtrate, corresponding to 5 
influence whatsoever in the process of titration, grms. of the pearlash, to a quarter-litre flask. 
But, besides these harmless ingredients, there Fill the flask to the mark with strong sulphur- 
esent certain other compounds, — etted hydrt^n water and shake its contents. 
! hydrate, silicate, phosphate, sul- If the acetate of lead was carefully added the 
phitCjBulphideatidhvposulphiteofpotassium, — fluid will now smell of sulphuretted hydrogen 
which must be guMded against in certain cases, and be free from lead. In case the liquid (foes 
[Compare Carbonate of Sodium]. ■*— In many not smell of sulphuretted hvdrogen a stream 
cases it will be sufficient (o determine the of that gas must be passed through it. Af^er 
amountof"availableaIkait''inthesample, with- the sulphide of lead has subsided, filter the 
out reference to its precise chemical composi- liquid through a dry filter; place 50 c. c. of 
..: — Ti |_[g jf (jjg commercial article the filtratci correspondins to 1 imn. of the 
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under examination is to be used for making pearlash, together with !0 c. c. of chlorhydi 

caustic potash by boiling the aqueous solution acid, of 1.1 sp. gr., in a weighed platinum duu, 

with lime, the presence of a sniall quantity of and evaporate the nuxture to dryness. Cokx 

silicate or of phosphate of potassium will do the dish, heat the mixed chlorides moderately, 

no harm, any more than that of caustic potash, and wei^h them (see Chloride of Potassium) . 

since both of these compounds will be made The weight obtained expresses the amount of 

caustic by the lime, like the carbonate itself. chloride of potassium plus chloride of sodium 
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112 CARBONATE OF SILVBE. 

^vea by 1 grm. of the pearlaah. Determine what, dry it by beat in a silyer or porcelain 

the chlorine by titration (see Chloride of Sil- dish, and Reserve the powder in well stoppered 

Ter) and escalate tlie ainounts of potassium bottles, The product should be whit*!, and 

and of sodium as deaciibed under Chloride of should give no reaction for silicic, sulphuric, 

Potassium. For a similar eslculation see Car- chlorhydric or phosphoric acide when eya^o- 

bonio Aiad, indirect aepMation of ualciumfrom rated with chlorhydric acid, or tested with 

strontium. acidulated chloride of barium, nitrate of silver 

In case it is desired to know how much of or molybdate of ammonium. It should give no 

any sample ofpearlash consists of foreign salts, reaction for iron when tested witii siiTphoey- 

determine tiie Water contained in it, by gently anide of potassium. 

lieating a weighed quantity (8 or 10 grms.) in A mixture of 13 parts of carbonate of potas- 

■ a covered platinum aish for a long time, untU siam and 10 parts carbonate of sodiiun is pi'cf- 

dew ceases to be deposited upon a piece of cold erable to either of its components for decom- 

window glass held over tiie dish. The loss of posing silicions minerals, by way of fusion, 

weight will give tie proportion of water. The since the mixed carbonates melt at a lower 

difierenee between Ibe percentage of water temperature tban either of the eai'bonaSes 

plus the percentage of carbonate of potassium, taken separately. Most refractory silicates 

as above determined, aud tOO, will give the may be decomposed by fusing them with the 

percentage of fixed impurity in the substance mixed carbonates over an ordinary Berzelius 

analyzed. • lamp or simple Bunsen'a burner. (See Sili- 

In the exwnination of ashes, or of liquors cates). — Instead of mixing tlie pure car- 
obtained by leaching ashes, it is wdl to weigh bonates directly, the mixture may be prepared 
out or to measure 10 or 12 times asTnuch ma- either by igniting pure Rochelle salt and liiiv- 
terial as has b^n directed under Alkalimetry, iating and eraporating the residue, or by de- 
dnce.tbe jBMjportion of alkali in ashes is com- flagratin^ a mixture of 30 parts pure bitartrate 
paratively small. of potassium, prepared as above, and 9 parts 

For use w) a reagent, pure carbonate of po- of pure nitrate ot sodium, and proceeding as 

tassium may he prepared as follows: — Heat a above described. 

mixture of 10 parts of purified powdered cream fiCarbOnate Of PotaSSium. See 

of tartar, 10 parts of water, and 1 part of pure iiCarhonate of Sodium. Compare biCar- 

strong chlorhydric acid for several hours upon bonate of Calcium, 

a water batb, stirring the mixture frequently. Carbonate Of Silver. 

Place a small filter in the tbroat of a capacious Principle I. Power of neutralizing acids, 

funnel, pour the mixture into the fuflnel, and Application. Precise neutralization of nitric 

let the liquid portion drain away. Level off acid liquors for the purpose of precipitating 

the top of the solid matter in the funnel, and phosphate of silver, as a means of separating 

press down upon it a disk of compact filter phosphoric acid from aJkaiies, alkaline earths, 

paper turned upwaixis at its edges. Pour re- etc. 

peated small portions of cold water (iced water Method. See Pliosphate of Silver. ^ If 

!8 best) upon the filter paper, — in order that a phosphate insoluble in water is dissolved in 

all the chloride and phosphate of calcium and a slight excess of nitric acid and the soliitJon 

any chloride of potassium which has been mixed with nitrate of silver, no precipitate will 

formed may be removed by percolation,— until fall. But, by agitatiag the solution for a few 

a drop of the filtrate ceases to become cloudy moments with a slight excess of carbonate 

"when acidulated with nitric, acid and tested of silver, it is easy to neutralize the acid and 

with nitrate of silver. Then dry the purified so cause the complete precipitation of the phos- 

tartrate. phoric acid (as phosphate of silver) without 

Prepare on the other hand, a quantity of introducing any new or hurtful reagent. (Chan- 
pure Iviti-ate of Potassium, and dry it. Mix 2 eel, Cimptes Rendvs, 1869, 4S. 997). 
parta of the pure tartrate of potassium with 1 For tlie use of carbonate of silver for decom- 
part of the pure saltpetre; see to it that the posing vari-ous chlorides, as one step in Grteg- 
mixture is completely dry; and project the er's method of ^timating combined sulphuric 
mixture by small portions into a clean, bright, acid, see Chloride of Silver, insolubility of. 
wronght iron pot heated to low redness. As Principle 11. Solubility in ammonia-water, 
soon as the last portion has defiagrated, heat ■ and insolubility in water. 

the contents jjf the pot sti'ongly until a sample Applicaliom. Separation of COj from S.Oa 

of the carbonate taken from tiie edge of the and HjjSO,, in the analysis of gunpowder 

mass yields a perfectly colorless solution with residues. 

water. Then rub up the eoaly mass with wa- Method. After all the sulphur which was 
ter, filter, wash the residue shghtly and evap- in the form of an alkaline Bulfiide has been 
orftte the filtrate in a poreelam, or better, a removed as Sulphide of Cadminm, by digest- 
silver dish, until it is covered with a permanent ing the solution with carbonate of cadmium 
crust Stir the liquor constantiy while it cools, and filtering, heat the filtrate from the sui- 
and throw the crystalline meal into a fhnneJ as phide of cadmium, mix it with a neutral 
before; allow the meal to drain, wash it some- wriution of nitrate of silver and collect the 
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precipitate upon a filter. The precipitate eon- covered (rutible, the residue is d[_i t(,d in 

sists of a mixture of oarhonate and sulphide of water and thu solution filtered and tiapo 

eilver, lor rated, with addition ot a emal! quBiitit> ot 

TT n a n . , r, V n irnon ... oinrn carbonato of auiuionium to revivify an* cau? 

„ , , , . . , .., tic soda which inai uaie been formed duriii' 

while the whole of the stdphunc aeid wdl t^e process of carbonization 

remain in solution, and may be determined in Chlonda and nitrate of sodium may be con- 

the iltrate as Sulphate of Barium, after the verted into tlio carbonate by mixing tlicir 

excess ol silver has been renioved by_ means f„,ueou3 solution with a moderate exc-ess of 

of chlorhydne acid. ^ — After washing the oxalic acid, and evaporating the solution to 

precipitate, digest it in ammonia water to dis- dryness. Water must be added to the dry 

so ye the carbonate of silver; then acidify the residue and tlie process of evaporation several 

solution with nitne acid and estimate the sil- times repeated. All of the chlorhydric acid 

vw as Chloride of Silver. Each equivalent of y, driven out, and the nitric acid as well, while 

chloride of silver obtained will eorrwpond to ^ portion of the latter undeiwies decomposi- 

an equivalent of carbonic acid, but from this (ion. The residue is finally ignited (o destrov 

amount must be subtracteil the carbonic acid u,^ excess of oxalic aeid, and the carbonate of 

derived from uie carbonate of cadinuiin pre- godium is weighed. 

vioualy employed for decomposbg the sul- Properties. 'Mhe. dry carbonate is white 

phideof potassium, since and tolerably permanent; when lefl in the 

K sS + Ccto, CO, ^ Cds + KjO, CO, air for any lengtli of time, however, it slowly 

(Werther, Joum. prakt. Ckem.. 55. 22). absorbs a certain quantity of water. It fuses 

According,' to Fe.lorow {ZeU^ch. analifl. »* * striM|g red heat, and if kept in the fluid 

Cliem., 1870, 9. 127). tiie foregoing process ^tate loJ-anylengtii of time, an appreciable 

is not based upon correct principles, since on q«a<itity of it is lost by volatilization. _ It 

precipitating a hyposidphite with a solution of ^can^ely loses wdght, however, when ignited 

silver, a certrun (juantity of acid is set free, moderately, or even when heated to incipient 

and a proportional quantity of carbonate of '"f "• . (carbonate of sodium is much less 

silver dissolved. soluble m dilute ammonia water than in pure 

For use as a reagent, carbonate of silver '^»-^-<\ and is scarcely at all soluble in strong 

may be readily prepared by adding a solution alcohol- Jh« composition of the mihydroiis 

of carbonate of ammonium to one of nitrate Siiltis: 

of silver. The precipitate may be was^bcd snu = w = i'\Mi 

widi water by decantation. It is neither nee- -Jj ^ jj' z 5,5 a 

essary to filter nor to dry it, since it acts best — — — - 

Carbonate of Sodium. Piinclpkll. Power of uciitraH^Jng acids. 

Principle I. Fixity of tlie salt when heatiyl. Applications. Estimation of sod imii in the 

ApplicalioiiK. Estimation of sodium in the commCToial carbonate and bicarbonate. Val- 
hydrate, bicarbonate, nitrate and chloride of nation of soda-ash, black-ball, sal-soda, sal- 
sodium, and in organic salts of that metal, eratus, etc. Assay of sulphur in iron- and 
The proces is one of fiu" more general appli- copper-pyrites (sulphur ore), 
cabihty than the corresponding method, which Methodti. Sue Carbonate of Potassium, 
depends on llie fixity of carbonate of potas- Soda-ash generally contains, besides cai"- 
siu!!!. bonate of sodium, a certain proportion of 

Method. In the case of a simple solution of hydrate, sulphate and chloride of sodium; 

carbonate of sodium, evaporate to dryness in some traces of silicate, alumiiiate and cyanide 

a platinum dish, ignite moderately and weigh, of sodium; and not infrequently, appreciable 

Since the ignited cai'bonate is not deUquescent quantities of sul})hide, sulphite and hyposul- 

it is easy to obtain accurate results in this phite of sodium. — The tiiree substances 

way, but care must be taken, nevertheless, last named are specially objection able^ inas- 

not to heat the carbonate too strongly, lest much as they neutraliiiB the standard acid and 

some of it be lost by volatilization (compare pass for carbonate of sodium, while so iai &oui 

Carbonate of Potassium); carbonaceous mat- having any value, considered as alkalies, they 

ter and reducing gases, moreover, must be are really hurtf\il. To detect their presence 

kept out of the crucible. ~ Bicarbonate of proceed as tbilows: — Mix a portion of tlie 

sodium is treated like the carbonate. But tiie asb with dilute sulphuric acid, and observe 

crucible must be kept covered and the heat whether any odor of sulphuretted hydrogen 

CM^fully regulated while the excess of car- can be perceived. Color a qufintity of dilate 

bonie acid is being driven off. ^ Caustic sulphuric acid with a drop or two of a solution 

soda is treated with an excess of carbonate of of permanganate of potassium, and add to the 

ammonium, the mixed solution is evaporated liquor a quantity of soda-ash, insufficient to 

at a gentle heat and the residue ignited. neutralize the acid. If the liquor becomes 

Compounds of sodium with organic acids green, or if its purple color is destroyed, 

are ignited like Carbonate of Potassium, in a either sulphite or hyposulphite of sodium is 



yGoogle 
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present; but if ihe permanganate retains its sulphur. Tlie process requires only 30 or 40 

color, both of these salts must be absent. The minutes for its completion, and yields results 

presence of hyposulphite of sodium may be which differ only about 1 to 1.5 per cent from 

made still more manifest by saturating a clear the truth. — The whole of the sulphur is 

Bolution of the soda-ash with chlorhydric acid, converted into sulphate of sodium or potas- 

and noting the odor of sulphurous acid, which sium, and no sulphurous acid escapes during 

is given off, as well as lihe turbidity due the process of oxidation. In order to be sure, 

to the precipitation of sulphur. These im- however, that the washed insoluble residue is 

purities can he destroj^ed by igniting the ash Iree from sulphur, it is well to test it with 

with chlorate of potassium, and so converting uhlorhydric acid. It is fo be observed that 

all the sulphur into the condition of sulphuric any loss of carbonate of sodium through vola- 

acid before proceeding with the titration; tihzation, projection, or insufficient washing, 

tiiough the method is not wholly satisfectnry will tend to make tlie amount of sulphur 

when hyposulpliite of sodium is present, inas- appear larger than it really is. The purpose 

much as some carbonate of sodium will then of the chloride of sodium is to moderate the 

be decomposed, in accordance with the reac- action of the chlorate; the proportion of the 

tion- — chloride may bo varied for the rest, according 

NajO CO. + NnjO S-O5 + (o - (HiiO sOj) + CO.. to the quality of the pyrites, and increased so 

The prescnLO «f silicite or alnminate of that the oxidation may occur without deflogra^ 
sodmm will usually be mdicftti,d bi tiie forma- tion, or any appearance of mcandescence. In 
tion oi a prtupitate when the carbonate is case pyrites-residues are to be analyzed, tJie 
neuhahzed with acid As a general rule, chloride of sodium had better be omitted alto- 
however, the quantity of these impurities is gether; the mixture may Uien be made of 5 
so small that thej need not be noticed in tech- grm.s. roasted pyrites, 5 grms. carbonate ot 
meal estimations ; the hydrate of sodium, also, sodium, and 5 grms. chlorate of potassium. 
is often estimated as if it were carbonate, The presence of quartz, heavy spar or hme- 
though all of tiicse contaminations have to be stone in the pyntes, does no harm. — In- 
estimated and allowed for whenever the pro- stead of using absolutely pure carbonate of 
portion of pure carbonate of sodium iii the sodium it will be sufficient to use that obtained 
sample is to be determined. — In case it is by igniting the commercial bicarbonate, and to 
desired to know the proportion of inei-t solid determine once for all, by titra.tion,_ the pro- 
matter in the sample, as distinguished from portion of pure carbonate contained in it. 
the water which is contained in it, the water Principle III. Power of decomposing or 
must be estimated and allowed for, as directed of combming with many silicates, sulphates, 
under Carbonate of Potassium. chlorides and oxides, when fused therewitii. _ 

To estmate Sulphur in Pyriies, and in the In decomposing silicates it is usual to mix 

residues left by roasted pyrites, Pelouze the finely powdered mineral with i times Us 

(Comptea Remlus. 53. 685) proceeds as fol- wdght of carbonate of sodium, and to fuse 

lows: — Weigh oat about 1 grm. of very finely the mixture over a blast lamp or inafijrnace. 

powdered pyrites, add to it an accurately Basic silicate of sodium is formed while the 

weisrhed quantity of pure anhydrous carbon- silicates in tlie mineral are rendered basic and 

ate of sodium (about 6 grms.), and carefully decomposable by acids. (See Silicates). _ 

mix the materials witli a mixture of 7 gi-ms. of For the method of decomposing chlorides, 

chlorate of potassium and 5 grms. of dry see Chloride of Silver; of sulphates, see Sul- 

chkride of sodium, which have been weighed pbate of Barium. 

roughlv upon a coarse balance and rubbed Alumina roay.be separated from small quan- 

together in a mortar. Heat tiie mixture in a tities of the alkaline earths and of manganese, 

w^ught iron spoon during 8 or 10 minates, so such as often contaminate the Hydrate of 

that it shall gradually be brought to dull red- Aluminum draivn down by ammonia, byfus- 

ness. Allow the melted mass to cool, treat it ing the dry precipitate witii 10 or more times 

5 or e times with hot water, throw the solution its weight ot dry carbonate of sodium over a 

upon a, filter, boil the residue with water, and poweriiil blast lamp, until no more Inibbles of 

wash it upon the filter with boiling water, carbonic acid are seen to escape from the 

Bring the filtrate and wash-water to some molted mixture. The alumina precipitate 

definite volume (see Alkalimetry), and by need not be powdered, but the fusion should 

means of a standai-d acid titrate the carbonate last from three-quarters of an hour to an hour. 

of sodium in a measured portion of the liquor. Add a little caustic soda to the cold, fused 

The difference between the weight of carbon- mass, and bod it with water, best ma silver 

ate of sodium taken and that found in the dish, until the soluble matter has all dissolved, 

matter resulting from the process of oxidation, In case tiie solution has a green color, from 

tives the amount of carbonate of sodium which the presence of manganate of sodium, it 
as been decomposed by tiie sulphuric acid should be boiled with a littie alcohol to re- 
formed from the sulphur in tiie pyrites. Each duce the manganate. Filter off the soluble 
equivalent of carbonate of sodium thus de- alnminate of sodium, and wash the precipitate, 
stroyed corresponds with one equivalent of lii-st with water chained with caustic potash, 



,y Google 



mCAKllONATE OF fi01>IlJM. LIS} 

and then with pure water. (K. Kicliter, well to turn over the cake In the crucible, in 

Jotirn. prokt. Cftem., 64. S78). Compare order tliat all of It* surfeces may be flior- 

Aluminate of Sodium. ovighjy heated. (Schaffgotseh, Pogg. Antiiilen, 

For use OS a reagent, pure carbonate of 113,615.) The composition of carbonate oi 
Bodium may be prepared from the eonimerd^ 
bicarbonate, by washing the latter by perco- 
lation with ice-water upon a tunnel, as de- 
scribed under Carbonate of PotAsuum, and 
igniting the dried reeiduo. The procese of 

percolation must be continued until a portion Principle II. Insolubility in water, 

of the filtrate, after baring been acidulated Applications. Estimation of strontiuiii in 

witb nitric acid, yields no turbidity when soluble strontium salts. Separation of Sr 

tested with the nitrates of silver and of baiium. from K, Na, Mg and Mn. The precipitation 

The washed and dried bicarbonate must be of strontium as carbonate is to be preferred to 

ignited gently, beat in a dish or crucible of the estimation of that metal as a sulphate, 

suver or platinum, though in detault of these whenever tlie addition of alcohol to (he solu- 

a clear, bright, iron diSi, or dish of Beriin tion is inadmissible, and the strontium to be 

porcelain may be employed. When solutions determined is combined with a non-volatile 

of the salt are needed, or the crystallized salt acid. 

itself, it is sufficient to recrystallize commercial Method. Same as that described under 
sal-soda, repeatedly. The solution should ;^eld Carbonat* of Barium. The results are ac- 
no insoluble residue of silica when evaporated curate, since carbonate of strontium is al- 
to dryness aittr saturation with chlorhydric most absolutely insoluble in ivater chained 
acid; nor should it give any i-eaction fur iron with ammonia and carbonate of ammonium, 
or tor phosphoric, sulphuric or chlorhydric The pret«nee of ammonium salts, moreover, 
acid, when tested with sulphocyanide oi po- is less hurtful in the precipitation of carbonate 
tasaium, molybdate of ajiitiionium, chloride of of strontium than in that of carbonate of ba- 
barium or nitrate of silver. rium. By direct experiment, Fresenius found 
ZiiCarbonate of Sodium. [Com- 99.8-2 instead of 100 parts of strontia. As 

pare iiCarbonate of Calcium]. with carbonate of barium, care must be taken 

"-- "-- -J of bicarbonated alkalies for that the solution isfreofrom substances likely 

"■■■'■ " prevent the precipitation of the carbonate. 
For tie separation of mangiint-se and sti'on- 

Surphate of Lead and Chloride of Lead. ' tium see Carbonate of Manganese. 

Carbonate of Strontium. Properties. Dry, precipitated carbonate of 

Prinapie I. Fixity when not too strongly sti'onlium is a white powder poluble in alwut 
heated. 18,000 parts of water at the oniiuar)- tempera- 
Estimation of stixmtium in ture, and in about 57,000 parts of water, which 



7a]iic salts of that metal, and all compounds contains ammonia and carbonate of amnmnium, 
strontium which are soluble in water. (Fresenius.) It is sensibly less soluble it 



(Compare bebw, Principle II), ter than sulphate of strontium. (Dulong; H. 
Method. Same as that described under Rose.) It is rather easily soluble in solutions 
Carbonate of Barium. — Carbonate of of chloride or nitrate of Mnmontum, but is re- 
Strontium may be heated to low redness with- precipitated on adding ammonia and carbon- 
out losing any of its carbonic acid. When ate ot ammonium. Carbonic ac-id water di»- 
heated to intense redness, or moderate white- ' edves it, and the solution has a ieeble alkaline 
ness, — as wlien ignited over a good gas blast reaction. It is not precipitated in prcfcnce of 
lamp, even when not enclosed in a chvy cylin- an alkaline citrate or metaphosphate. 
der, — it gradually gives off the whole of its Prineiple 111. _ Insolubility in a solution of 
carbonic acid. (Compare Carbonic Acid, in- cyanide of potasainm. . r, ■ 
direct separation of strontium and calcium). Appliealiuns. Separation of Sr irom Co, Ni 
When heated to redness in contact with ear- and Zn. 

bonaceous matter, some carbonic oxide is set Method. See Carbonate of Cobalt, 

free and caustic strontia tbrmed. The latter Principle 1 V. Power of neutralizing acids, 

may be revivified by adding a solution of Applicalion. Estimation of strontium in 

carbonate of ammonium and evapoi'ating as the cai-bonate. 

directed under" Carbonate of CfJcium. In Methmls. Similar to those described under 

case the quantity of Cai'bonate of Strontium Carbonate of Barium, 

in the crucible is small, it may be ignited in- Carbonate Of Zinc> 

tensely at the blast lamp and weighed as Oxide Principle I. Insolubility in wafer, 

of Strontium. In that event the carbonate Applications. Estimation of nine in all zinc 

should be made as compact as posaiblc; it salts which are soluble in water; in those 

should be precipitated from a hot solution which dissolve in chlorhydric acid, with sep- 

and pressed lightly into the crucible. Aflor aration of their acid ; and in all those ivith 

the mass has been ignited for some time it ia volatile organic acids. Separation of Zn from 
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N», K, Mn and Ya. Estimation of CO3 in ing with hot water. In case any other sub- 
mineral waters, stance is to be determined in the filtrate, it 
Metliotl A. Similar to that described under will be best to mix the latter with snlphydrate 
Carbonate of Manganese, The precipitation of ammonium, to collect and weij;h the Sul- 
should be made in a tolerablv eajracioue beak- phide of Zinc, and add the weight of zmc thus 
er, not more than one-third full of the zinc found to that obtained as carbonate. 



solution. The liquid should be heated nearly Precautiuns. The original solution of zi 
to boiling before adding any of the carbonate should be free from any great excess of acid, 
of sodium, and be kept at that temperature, in order that no unnecessary effervescence 
or at actua] boiling, throughout the experi- need occur on the addition of carbonate of 
ment. At a certain moment, however, dur- sodium. The liquor must be heated during 
ing the addition of the carbonate of sodium, the precipitation, wnce a portion of the zinc 
the mixture is liable to suddenly froth vio- would fail to b6 precipitated at the ordmary 
lently, from the escape of a torventof carbonic temperature, at least trom a solution of tlie 
acid, while a quantity of basic carbonate of suljtliate or chloride, and the mixture must 
aine is thrown down. The lamp most of finally be boiled to expel the free carbonic 
course be removed at this instant. It is to acid from the solution, and so prevent it from 
prevent the liquid from boihng over when dissolving siome of the carbonate of zmc. 
this' momentary violent reaction occurs, that But on the other hand, the boiling must not 
the beaker must be lai^ and tiie source of be too long continued lest some ot tlie pre- 
heat carefiilly watched and r^ulated. Hoil cipitate he decomposed by the sulphate or 
the mixture freely for a few minutes after all chloride of sodium, with formation of earbon- 
the zinc has been precipitated; then decant ate of sodium, and an insoluble bt^sie sulphate 
the liquid into a filter and wash the ])recipi- or chloride of zinc. ITiese basic salts would 
tate thoroughly with boiling water; at hrst by not be wholly decomposed on ^ition, except 
decanting two or three times from the beaker, at a very high temjierature. Even when the 
and afterwards upon the filter itself. Dry, carbonate is precipitated from a nitric acid 
ignite in a platinum crucible and wdgh as solution, it may retain some nitric acid, but it 
Oxide of Zinc. The carbonate of zinc must loses it readily when ignited. (H. Eose). 
be rubbed ff from th filter as completely as Instead of operating in the wet way, aa 
possible h h 1 is burned, and care above, the dry zinc salt maybe heated cau- 
must be k n b m he filter in such man- tiously to near redness with an excess of ear- 
ner that n d any of the oxide of honate of sodium in a platinum dish, and the 
zinc, — I h rac solution contains residue treated with water, with the precau- 
any salt f m he boihng nmst be tions above enjoined. This modification of 
continued ft Id on of the carbonate the process is specially to be commended when 
of sodium til 11 h mmoaia is expelled, the compound to be analyzed contmns an ara- 
and the te m n 1 er turns turmeric paper monium salt. (Johnson), 
brown. Ih p ltd n will never be com- Method B. As a modification of the usual 

Sleteun I h 1 f ammonia has been method, E. Jacob (_ZeUsch. analyt. Chem., 

riven fF H f he pi-oportion of am- 18G5, 4. 212) has proposed the tbllowing: — 

monium 1 b 1 g will be best to boil Heat tiie somewhat acid zinc solution to 60° 

down th m u d jness, (Comjiare Car- or 80° C; carefiilly pour into it a solution of 

bouate f M g es n) Even when this hsa carbonate of sodium until, alter the lapse of a 

to be do ro much to be preferred few seconds, the cloudiness which forms after 

to (he one depending upon the insolubility of ..each addition of the alkali ceases to disap- 

Sulphide of Zinc. Care must be taken 1- — — "—' '^" "—■ i^-'- ■>'•'■^ ■."■.""b- t^nnnillv. 

treat the dry residue with boiling water, sine. ^ 

cold water would dissolve a part of the zinc in sodiui 

tlie form of a double carbonate of zinc and By proceeding in thb way the carbonate of 

sodium. ^ The process yields excellent zinc is precipitated completely as a couipara^ 

results in spite of the fact that a decided trace tively compact powder, far more easily washed 

of zinc always escapes precipitation. On test- and dried than the light flocculent precipitate 

ing the filtrate from the carbonat* of zinc obtained by the ordinary process. According 

11^ sulphydrate of ammonium a slight pre- to Jacob, no basic salt is formed in his process, 

cipitate of sulphide of zinc will invariably be It is to be remarked in this connection, that 

obtained, especially when the mixture is left to H, Rose has always directed that the zinc 

stand for an horn" or two. It is to be inferred, solution he mixed with an excess of carbonate 

therefore, either that these flocks of sulphide of sodium and then heated to_ boiling. In 

are well-nigh imponderable, or that the pre- some of the earlier editions of his Handbuch, 

cipitated carbonate retains enough sodium, or he suggests tliat the zino solution had better 

omer foreign substance, to compensate for the be poured into a warm solution of the alkaline 

lost zinc. It is admitted, however, that the carbonate, since in that case we may he sure 

carbonate thrown down, as above described, that no basic salt would be precipitated, 

may be completely freed from alkali by wash- To separate zinc ii;om vauadio acid, Czud- 
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noTvioz (Zeksch. antdyt. Chem., 1864, 3. 379) good as insoluble in water. According to 

directs tliat the acid solution should be heated Freseuius, one part of the pi'ecipitate dissolves 

witli oialie a^id, or some other reducing in about 45,000 parts of water. It is soluble, 

anent, to bring the vanartic acid to the con- howuver, in carbonic acid water, and readily 

dition of protoxide, and the solution then soluble in solutions of tlie fixed caustic alka- 

digested for a long time with, carbonate of lies, and of carbonate of ammonium, ammonia 

sodium. In case all tlio vanadium is in the water and acids. A concentrated solution of 

state of protoxide, the zinc will be prerapitated zineate of potassium or of sodium is not al- 

frec from any trace of that metal, but in case tered by boiling, but by boiling a dilute solu- 

the reduction were incomplete the carbonate tion nearly all the oxide of ziiic can be thrown 

of zinc would be dark-colored. In that event down. In the solutions in ammonia or car- 

tho moist, washed precipitate must again be bonate of ammonium a precipitate is likewise 

dissolved in chlornydric acid, the solution formed on boiling, especially if the solution be 

ajrain reduced and the zinc afterwards rupre- dilute ; such a solution would of course Ije 

cipitated with carbonate of sodium. decomposed with evolution of carbonate of 

For the method of separating zine from ammonium, when boiled with carbonate of 

mansanose see Carbonate of Manganese. sodium. 

With regard to the estimation of carbonic As has been alreadj; stated, the precipitate 
acid in mineral waters, Bjijrklund {Zeitsch. obtained by Method A is not normal carbon- 
ana/^. Chem., 1865, 4. 229) finds that free ate of zinc, «neo more or less cai-bonic acid is 
carbonic acid can be completely absorbed from given off durinjj the precipitation, even after 
an aqueous solution by digesting the tatter all the ft«e aei<l in tlie original solution has 
with oxide of zinc. To apply the method been neutralized. The proportion of hydrated 
quantitatively, Bjorklund adds IVom 4 to 10 oxide of zinc in the precipitala varies, how- 
grms. of oxide of zinc to a litre of the min- ever, coaaiderablj, according to the d^^e of 
eral water, accordingly as there is more or concentration of the solutions employed, and 
less carbonic acid to be absorbed, and lote the the details of the manipulations. — When 
mixture digest duilng at least 24 hours. The dried, the precipitate forms a loose white 
bottig whidi contains the wafer should be com- powder, fi'om which idl the carbonic acid is 
pletelr filled with liquid, since the oxide of readily expelled at a red heat, 
zine nas little or no power to absorb any Principle II. Solubility in an aqueous so- 
carbonic acid which might escape into the air lution of cyanide of potassium, 
of the space above the liquid in a bottle in- Applicoliom. Sepai'ation of Zn from Ba, 
completely filled. Since the oxide of zinc is Sr. Ca, Mg and Al. 

apt to acquire a crystalline consistency after Method. Same as that described under 

all the carbonic acid has been absorbed, it is Carbonate of Cobalt and Cyanide of Cobalt, 

well to wait for this appearance. The mixed Boil the filtrate with chlorhydiic acid, to 

oxide and carbonate may then be collected which a littlo nitric acid has been added, in 

witii peculiar ease. order to expel the cyanhydrie acid, and throw 

Carbonic acid cannot be absorbed, however, dovni the zinc as Carbonate, witli the precau- 
in this way by oxide of zinc, when it exists a.s tions enjoined for the case where ammonium 
a neutral salt in combination with either of salts are present, 
tlie aikah metalq or with calcium, magne»um Carnline> See Cochineal, 
or iron; or as a bicarbonate of an alkali. Carthamin and Carthamic 
From a solution of carbonate of calcium in Add • See Safflower. 
carbonic acid watet oxtde of zinc absorbs the CSSei 11 • [Compare Milk.} 
excess of Larbonic a* id so that neutral ear- Principle I. Coagulability by acids, 
bonate of calcium w precipitated; a similar Application. Separationof casein from milk 
remark would appj) to the solution of ferrous and &om alkaline solutions, 
carbonate in carbonic acid water, were it not Method. On adding a few drops of acetic 
that the oxygen which is ])resent iu most car- acid to milk, casein is precipitated, together 
bonated waters acts upon a i)art of the neutral witli fatty matter. To purify the casein, col- 
carbonate of iron and converts it into ferric lect the coagulura upon- a fflter, wash it and 
oxide. The acid carbonates of magnesium redissolve it in a solution of carbonate of 
and manganese behave like those of calcium sodium; leave the solution at rest for 12 
and iron. In each case the amount of neutral hoars, in order that the fatty matter may 
carbonate of calcium, etc., which can be held separate from the alkaline solution of casein, 
dissolved by pure water, will remain in sola- Take off tlie layer of fot and repreoipitate the 
tion. In case the water to be examined casein by adding a few drops of chiorhydric 
contains a lai^e proportion of carbonate of acid to the solution; collect the casein upon a 
ammonium, errors may arise from the solubil- filter and wash, dry and weigh it. (Eobin & 
ity of oxide of zinc in that substance, Verdeil). 

Properties. As obtwned by Method A, According to Lehmann, acetic acid, though 

recently precipitated basic cai'bonate of zinc formeriy almost the only reagent employed 

occurs in the tbnii of light, wiiite flocks, as for the quantitative determination of casein, 
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by no means cfTetta a thorough precipitation nit.ri^n. for whieh corrections must be made, 

of it, aiKl may c;vi;n dissolve a very consitoa- The asli is rewiiiy dutoi-mintjd by ineineratin(r 

ble aiiioiitit of it when addeil in esi;ess, a weii^hBil portion of tlie croda coIIuIobc, whilu 

Princljile n. Coagulability when heated the nlh'o^'en is assumed to belong to some 

with sulphate of talciiim. albuminoid, tlie amount of whluh is uajwdablu. 

Applk-alion. Estimation of casein in milk. Since all the albuminoida contain, on the 

Mellxxi. Stii- into the milit about one-fifth average, about IG per cent of niti'ogen, it will 

its weight of finely powdered gypsum, and be sufiiuient to determine the poroentage of 

heat the mixture to 100°. Perfect coagula- nitn^jen in the crude cellulose, and to multi- 

tionensuuif, and tliere is obtained, on evaporat- ply tliis quantity by lOO -^ Ifi ^ 6.25 in 

inK, a brittle rsaidue, which may be readily oiiler to obtain the amount of albumiuoid to 

pufveriaoit, and from which ether and alcoliol be siditracteii. ^ Even with these corree- 

easily remove fat, milk, sugar, and moat of tiona the estimation of cellulose in this way is 

the salts. (Haidlen, AnnaUa Ckevi. und not absolutely accBratu, as may usually be seen 

Pharm., 45. ^^30 from tlie appearance of tlie pi-oduet. Aceord- 

Catechu. See Tannin. jng to y. liofineister, .crude cellulose prepared 

Cellulose. in this way from pease was pei-fectly white. 

Principle I. Insolubility in dilute nclds, while that from wheat-bran was brown, and 

alkalies, alcohol and eClier. that from rape-cake almost black. In order 

Method. Weigh out 3 gi-njs. of the thor- to obtain comparable results, cai* must be 

oughly dried and finely powdered substance taken to operate under the precise conditions 

(hay or straw) to be analyzed, and place it iu prescribed. If the solvents are too concen- 

& porcelain dish, together with 200 c. c. of trateii, or the temperature at which they act is 

dilute sulp luriu acid, eontainiag 1.25 per cent too high, someof uie cellulose will be dissolved, 

of oil of vitriol. Boit the liquid for half an while, if the re^nta are l^xi much diluted, a 

hour, and continually add small quantities of quantity of other mattei' will escape solution, 
water to replace that which evaporates Then Principle II. Power of resisting oxidizing 

allow the mixture to settle, and draw off the agents. 

clear acid hquor with a syphon and a pipette Method. Place one part (from S to 4 grms.) 
into a beaker. Pour 200 c. c. of water upon of the drv pulverized sulistance, which has 
the residue and boil for half an hour, taking been previously extracted with water, alcohol 
care to replace, aa before, the water which and ether, in a glass-stoppered bottle, together 
evaporates. Allow the miiture to settle, draw with 0.8 part ot chlorate of potassium and 12 
off the clear liquor into the same beaker as parts of nita-ic acid of 1.10 sp. gr., and digest 
be&re, add another quantity of 200 c. u. of the mixture at a temperature nut exceeding^ 
water to the residue and again boit selile and 18° lor 14 days. At the end of this time add 
decant. -^ 'I'he residue is next boiled for a quantity of water to the contents of the 
half an iiour mtli a mixture of' 50 c. c. of bottle, filter the mixture and wasli tlie residue 
five per cent potash lye ^80 gnus, of fused first with cold, and atlerwards wiOi hot, wa- 
hydrate of potassium to the litre), and 160 ter. — As toon as ail the acid and soluble 
c. c. of water; and afterwards with two sue- matters have been washed out, throw the con- 
cessive poi-tioLis of water, each of 2O0 c. c, for tenta of the filter into a beaker and heat them 
half au hour i& each case. The decanted to 74° for three quatters of an hour, with 
liquors are collected in a second beaker. weak ammonia water, made by mixing 1 part 

The solid matter which i'um:ijns in the dish of commercial aiumonia with 50 parts of wa- 

a^r the several boilings, is tliiMwn upon a t$r. Finally collect the insoluble matter upon 

weighed 61ter; to it is adikd any seduneut a weighed filter and wash it, first with dilute 

which may have been deposited in the beaker ammonia, as long aa tlie filtrate passes olT col- 

which has received the alk^ine liquids, aud ored, then with cold and hot water, then witli 

the contents of the filter arc then washed witli alcohol, and at last with ether. The cellulose 

water, until the washings no longer exhibit an obtained in this way, thou;rh free from cblo- 

alkaline reactiun. The sediment in the beakt^ rine, still contaimi a small quantity of ash and 

which received ibe acid liquors decanted from nitrogen, tor which corrccljons must be uiade, 

the cellulose, is then throivn upon the same as in Method 1; it it purer, however, than 

filter, aud the contents of the latter washed tliat obtained by Method 1, and tlie quantity 

ively with water, alcohol aud ether, as obtained is lai'ger — usually from C " ' ' "" 



_.-„ .. these solventa continue to dissolve per cent larger — than that obtained by 

anything. Belbre throwing the sediments ^letliod 1. Method 2 yields more correct 

frvm the alkidine and acid liquors upon the results than Method 1; they appear to vary 

filter, ttie clear supernatant liquids above only about one per cent trom the trutli. (F. 

these sediineuta niu^it be carefully decanted Schulze, 1857; Kiihn & others, 18G6, see 

and thrown away. (Henneberg, Die landmb-tk- Heniitberg's Joarital fiir Landwirthschaft, 186(1, 



fohufdiche Versucha-Stationen, 1864, 6. i3T). j.p. ■280-2U7,und .Miixmi'^'"7oui r. 
The final residue left after washing with elher, " "" '" ' 
is cellulose, contaminated with n^ and with 
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CHLORATES. liy 

Chloric Acid. (Comprire Chloriitos). for the oxidation of oi^anic matter, nilpliur, 

i'rindple. Towurot iieutvaJizin|; alkalies. arsenious acid, etc., as a preliminary step in 

Appiieation. Separation of chloric acid (rom various processes of atiaJysis. To this end 

any other free acid. small crystals of a chlorate, tisually tUorate of 

Method. Measure out two portions of the potassium, are from tiuie to time tlirown into 

liquid. In one portion determine the total the hot, stroug chlorhydric acid solution of 

amount of acid by titration with a standard the substance, until the uxldatiou is complete 

alkali (see Aeidimetry), and in the othei' nor- A mixture of uhlorhjdrie acid and a chlorate 

tion estimate tlie other acid in any appi-opnate is however a ftr less powerful oxidizmj; a^ent 

way. The difference will give the amount of than a mixture of nitric acid and the cliloiate. 

chloric acid. (See below). 

Chlprates. Method 2. Action of a chtoiale upon a fei- 

Principk. Oxidizing power of. rous sait. 

Applicotionx. Estimation of chloric acid, A. By estimating the irim of the residual 

free or combined. Separation of chloric acid fei-rtms sail. Mix a weighed quantity of the 

from other acids and from metals. EstimatJon chlorate with an excess ot a standard solution 

of chlorine and chlorides. Oxidation of or- of prolo Sulphate of Iron, or of Sulphate of 

ganic matters, S, H, As, Sb, Cr, etu., as a Iron and Ammonia in a glaBS-stoppered bottle, 

preliminary to the estimation of tliese sub- Acidulate the mixture with suiphuric acid and 

stances and various others, as explained under Jet it stand for some time in a warm place. 

Carbon, and the other elements enumerated. Finally heat the mixture almost to boiling and 

Method I, Depending upon the action of proceed to determine by means of pormangan- 

a chlorate upon chtorhi/dric acid. ate of potassium, how much of tlie Ferrous 

A. A weighed quantity of the chlorate to Salt remains unoxidiaed. One equivalent ik 

be analyzed is placed in a flask, provided with a chlorate will oxidize 13 eiiuivafents of the 

a suitable delivery tube (compare Chromic fen-ous salt. The results obtained by this 

Acid, reduction of bj- HCl), toother with an method are apt to he somewhat loo high, siflce 

excess of strong chlorhydric acid. The mix- a portion of the fei-roos salt may be oxidized 

ture is heated gently at first, but afterwards to by the air in the bottle when tlie mixture comes 

boiling, and the Chlorine set fi-ee is absorbed to be heaieil- (Mohr, Titrirmethode, J855, 

and estimated in some appropriate way. One 1. 23« and 3. 128). 

way, for example, is to conduct the gas into a B. ByesHmatinglheferrksaltfoi'med. 

solution of iodide of potassium, and to est!- Place a roughly weighed quantity of fine 

mate the iodine which the chlorine liberates, iron wire in'a quarter-litre flask, tx^ther with 

by means of a-standai-d solution of hyposul- a weighed quantity (0.1 to 0.15 grm.) of the 

{iliite of sodium, or by sulphurous acid. (See chlorate to he examined. Four upon flie mjx- 

odine). Anothter way is to estimate the chlo- ture from 3U to 50 c.c. of chlorhydric acid of 

vine by means of arsenite of sodium as des- i.i2 sp. gi'., connect the flask w'ith a carbonic 

cribed under Arsenious Acid, p. 4fl. ^ The acid generator, and warm it gentJj. The 

reaction between chlorhydric acid and a chlo- quantity of ii-ou taken should be at least Jen 

rate may occur in accordance with either or ail tunes greater than the wei{^t of the ehlcffate. 

of the following equations: — After the lapse of about twenty minutes, grad- 

OaO, + isa -^ cm + oi.Oa + H.o. naUy rfu*e the temperature of the flask until 

a& X mcl ; 1^ + 5of+ sHrf) ^"^ ''^'"'^ begins to boiL Tlien allow the flask 

ci^ + SHCi = ci]0|+ SCI + 4iijK' to cool, and estimate the Ferric Salt formed 

cijo, + WHCi = lici + sHjO. . t;(j.„tio„ „j,]j i,j-j,osLuiphite of sodium. 

But no matter what products of decomposi- Ihc process is said to be more accurate than 

tion are ibrmed, they all agree in tbb, that that deserlbedin § A. (Braun, Zeiisch, analyt, 

when brought in contact wi^ iodide of potas- Chenu, 18S7, B. pp. 61, 43, 47). — To 

slum, they will set free 6 equivs. of iodine for estimate chloric acid in presence of nitric or 

each equivalent of chloric acid in the original nitrous acid, deteiuiine tlie amount of efficient 

chlorate. . The process yields accurate results, oxygen, as above, (compare Nitric Acid), and 

(Bunsen, Annalen Chem. und I'liarm., 86. calculate therefi-oni the amounts of chloric and 

282). of niti'ic acid, by the method of indirect analy- 

Incase an aqueous solution of chloric acid sis. (See Carbonic Acid, p. 80). (Braun, 

is to be examined, mix a weighed or measured loo. cit., p. 62). 

portion of it with a slight excess ol' soda lye. Instead of hyposulphite of sodium, Braun, 

evaporate to drj-ness upon a water bath, and (Jotirn,. prakt. Cheni.,Sl. 421) formerly used 

proceed with the residue as above described. protoChloride of Tin to trtimate the feiTio 

When metals have to be separated from salt, 
chloric acid they may be estimated in the res- In case a mixture of a chlorate and some 
idue of tile decomposition above described, or other salt is to be examined, estimate die 
a special portion of the substance may be chlorate an above in one portion of the mix- 
boiled with strong chlohydriu acid on purpose, ture, and the other acid in another portion of 
i. B. The same principle is often employed the materia!. ^ In case free chloric acid is 
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IM CHLORATES. 

to be estimated in an aqueous solulion, satu- ble to the estimation of free chloric acid in an 

rate a measured quantity of the solution with aqueous solution. 

soda lye, evaporate on a wat«r bath and oper- Melhod 5. Action of a cMoi-ate upon nilroiis 

at« as above described upon tlie residue. acid, or a nitrite. All the oxides of cMorine, 

C. Bg eslimatiiig the cMorirte in the renidital exci'ptinp perebloric acid, are immediately re- 

chloride. When an alkaline solution erf chloric dutud w{tJi formation of chiorhydrie and nitric 

acid is heated with freshly precipitated ferrous acids, when nitrous aeid is added to their 

oside, decomposition occurs in accordance dilute aqueous solutjons. A solution of nitrite 

with the following equation :— of lead, prepared by leading carbonic acid into 

KiO cirffe + laFao = 2KCI + GFesOn. wator In wl[jch basIc nitrite of lead (4PbO, 

' ■H^'-'' ^8*^3) •* fUBpendcil, may be employed to 

Hence chloric acid may be estimated by effect the i-eduction. Such a solution may be 

combinlnn; it with potassium or sodium, mixing kept for a long time in glass stoppered bottles 

the solution with a ijuantity of pure ferrous which are completely lijil of it. 

sulphate, supersaturating with potash lye free The analysis may be made eiti n th 

from chlorine, and beating the mixture fo boil- graTiinclrjc or the volumetric way I tl 

ing. The reaction occurs immediately, so that fb'st case, the substance to be analj d 

it 18 only necessary to filter and acidulate the treated with a slight excess of the Id d 1 t 

liquid before proeeedin'i to determine the chio- solotjon of the nitrite of lead, then a d 1 t 1 

rine as Chloride of Silver. In presence of with nitric acid, and warmed. Th hi by 

nitric acii], tbis method yields better rcsqits di'ic, acid is then precipitated as Chi rtd f 

than that depending upon the reduction of Silver, and the amount of chlcri d ( 

chloric acid by niuicent hydrogen (see below otlier oxjde of chlorine) calculated from Uie 

No. S). (Stelling, Zeitsch. analyl. Chem.-, weight of the precipitate. 

1S67, 6. 32). Chloric and nitric acid^ may Ju thp second case, there will be needed a 

evidently be estimated in presence of one an- normal solution (see Alkalinietry) of chlorate 

other in this way by the method of indirect of potassJuLn, containing "0.01227 gmi., (= 

analysis (Conipiu'e Carbonic Acid, p, 80). 0.0001 eqijiv.) of the chlorate in each cubic 

Method S. Jie//ua/.iim of the chlorate i/i/ na- tentiuietre, and a solution of nitrate of silver 

sceni hyiiroijen. Dissolve a weighed qoantjty of approximately known value, say 17 gnns. 

of the chlorate in n small quantity of n^ter, of the nitrate (n 100 c.c. llie solution of 

place a piec(: of zinc in the solution, and af)^er- pltrite of lead, moreover, should be prepared 

wards add some pure dilute snlphurje acjd, by weighing out roughly a quantity. of basic 

and allow the mistare tQ stand for some time, nitrite of lead, rubbing \t up with water, and 

If no more tiian 0.1 gro). of chlorate of potas- passing a continuoifs stream %f carbonic acid 

slum be taken, half aji l^ur wil) be sumcient through tlfe mixture, nntil the basic salt .has 

to complete the reduction qf tfee chloric to almost entirely disappeared and a yellow solu- 

C'hlohydric acid. Take out the zinc, wash jt tion of the. normal salt h^ been obtained which 

carefully, anil proceed to determine the (thlor- is no longer rendered cloudy by carbonic acid. 

Iiydric acid in tlie solution by pi'ccipitatjon as During the passage of the carbonic acid the 

Chloride of Silver. From the amount of tbo liquid should be gently warmed. ^ The 

latter, calculate the uorrepponding weight of value of the solution of nitrite ol' lead is de- 

chloric acid. tocminwl by means of the normal solution of 

An aqueous solution gf free chlorip acid may chlorate of potassium, and is then need for 

be treated as tf it were the solution of a chlO' estimati|ig llie amount of chloric or chlorous 

i-ate. — In case the chlorate to be examined af id in sample of unknown composition, 

is contaminated with an alkaline chloride. The details of the process are as follows : 

weigli out two pari;ions of it. In oqe poriiop Place the highly dilute solution of chlorate of 

determine the (ilorinp djrecjily as Chloiide of potassjum in a glass stoppered bottle, together 

Silver, but ti*eat the uChov with zinc and sul- with an expcss of the nitptte of silver solution 

p'niric acid, as above described, beti>re adding to serve 1^ an indicator, and acidulate strongly 

the silver solution. The caloric acid may finaf with nitric acid. I}eat the closed bottle in a 

iy be calculated from the difference in tj;e water bafh, and add the solution of nitrite of 

weights of the two precipitates of chloride of leat) froij} a bijrefte, qntil the last drop feils to 

filver. (Sestiiii, Zeiiach, analyl. CItem,, 1, GOO.) precipitate any chlorate of silver. Tiie bottle 

Method i. Reduction of the cklorale iy sui- i|)ust be sba^pn frequently to facilitate the 

phtiretted hydrogen, Pass sulphuretted hydro- depowtjon of the chloride of silver. There is 

gen gas into the wa^m solutiop until its odor no special difficulty in obtaining good results, 

persists. Add drop by drop a soluljoij of fer- provided the solution of nitrite of lead is suf- 

rous sulphate to destroy the e^ess of snlphnr- ficiently dilute, apd the solution under examin- 

etted bydrosen, addulatjB the mjxtur^ wiUi i)i- ation is so dilute that; no appreciable quantity 

trie acidj filter if need be, and estiLaate iJie of chlorous acjd gas can escape from it. It is 

i-hlohydric acid as Chloride of Silver, and well to dilute the 8 or 16 c.c. of normal solu- 

fi'om the amount of this subptance calculate tion of chlorate taken, to the volume of 250 

jhat of chloric acid. Thg. prgcess is applicfi- u-c, Since the solution of nitrite of lead is 
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CHIXJRATES. 



Blowly decomposed by tlie action of atmos- 
pheric oxygen, it must be staadanlized afresh 
for eacb new series of determinations. It mav 
be kept, however, for a week without much 
ehange. The presence of perchlorates has no 
influence upon the results. (Toussaint, Anna- 
len Chem.undPham., 137. 114). 

Method 6. Action of a chlorate upon proto- 
chloride of tin. 

Mix a weighed quantJty of the chlorate with 
strong chlorhydric acid, and a measured quan- 
tity of a standard solution of stannous chloride, 
the latter, of course, to be in excess, and 
estimate by means of a standard solution of 
bichromate of potassium how much of the 
stannous salt has been left undecomposed. 
(Streng). According to Mohr the method is 
less commendable than those depending npon 
the action of chlorhydric acid and of a ferrous 
salt upon chlorates. 

Method 7. Action of a chlorcde upon, mine 
acid. When a chlorate, chlorate of potassinm 
for example, is heated with moderately strong . 
nitric acid, a mixture of great oxidizing power 
is obtained, well fitted for the oxidation of 
compounds of sulphur, arsenic, chromium, 
carbon, and the like, as a preliminary to tlie 
estimation of fJiese and other substances liy 
the ordinary methods of analysis. The rea<;- 
tion between nitric acid and chlorate of potas- 
sium may be roughly foi-mulated as follows: — 

SKClOs + GHNOj - 6KHO1 + mClOi + «Cl + 130 + gH,0. 

The oxidizing power of such a mixture is 
much greater than that of mixtures of sulphuric 
or chlorhydric acid and a chlorate (compare 
the equations above, under Method i). ^ In 
most cases it will be sufficient to cover tlie 
substiuice to be oxidized with nitric acid of 
39° B, to heat the mixture and to throw in 
one by one crystals of chlorate of potassium 
during 15 or 20 minutes, or until the oxidation 
is complete. When a metallic sulphide is to 
be treated, however, it is best to mix it first of 
all in the condition of fine powder, with as 
much or rather more chlorate of potassium, 
befbi'e adding any nitric aeid. On heating 
sucli a mixture much of the sulphur will_ he 
oxidized before it has time to cohere into 
lumps. Tlie last portions of sulphur wdl, 
however, have to be destroyed in almost every 
instance, by throwing fi-esh crystals of the 
chlorate into the nitric acid after the original 
mixture has ceased to act. The operation may 
be conveniontiy effected in a porcelajn dish 
■ covered with an inverted glass funnel with 
bent stem. It is safer to heat the mixture 
npon a water bath, tiiough in that event the 
oxidation pi'oceeda more slowly than when tiie 
acid mixture is actually boiled. (Storer, Pear- 
son, and others, American Jmirn. Sol, 1869, 
48. 190elseg). 

Principle II- Deoomposjtion of by heat. 
[Compare Carbon]. • _ 

Applicflions. Separation "f '-hlovic acid 
from metals, and fi-om nitric 1 



Estimation of cMoiic acid in chlorates, in 
presence of water or tiie chloride of an alkali 

Method A. Ignite a weighed quantity of 
the chlorate until the whole of its oxygen is 
expelled and weigh the residual chloride. If 
It be desirable the oxygen may be collected 
and measured. — 'The process is applica- 
ble only to those chlorates which are complete- 
ly decompcsed by ignition into oxygen and a 
metalic chloride. There is an objection to it, 
even in the case of c-hlorate of potassium, 
that a portion of the chlorate ie carried oft' as 
dust in the escaping oxygen. Traces of chlo- 
rine also escape with tiie oxygen. 

Method B. In case the chlorate to be ana- 
lyzed b contaminated with a chloride, weigh 
out 2 portions of it. In one, estimate chlorhy- 
dric add directly by precipitation as Chloride 
of Silver. Ignite the other portion cantitras- 
ly, to decompose the chlorate, dissolve the 
residue in water and estimate the total chlor- 
. hydric aeid as Chloride of Silver. From the 
difference between the weights of the two 
precipitates calculate tiie amount of clUorio 
acid. — ' When a metal is to be separated 
from chloric acid the latter may be destroyed 
in a special portion of the substance, by 
careful ignition before proceeding with the 
analysis. . . 

Method C. To seprate chlunc from nitno 
or nitrous acids ignite a weighed quantity of 
the mixture with repeated doses of ihlonde of 
ammonium, estimate the amount of chlorine 
in the residue as Chloride of Silver, and calcu- 
late the amount of chloric aoi<l by the melhod 
of indirect analysis. (Braun, Zeitsch anatyl 
Chem., 1867, e; 62). 

Chlorate of Potassium. See 

Chlorates, above. 

For use as a reagent, the commercial salt is 
usually sufficiently pure. It may readily be 

Eurified, if need be, by recrystallization from a 
ot solution. For the analysis of Carbon 
compounds tiie fiised chlorate is «ften required. 
It M prepared hy liBating the commercial 
crystals in a porcelain dish until the mass is 
fairly fused, but no longer, and pouring the 
liquid into a platinum dish or upon porcelain. 
Break the hot sheet inio smaU Iragmenta and 
keep them in a tight bottle for use 

Chlorhydric Acid. [S^e 

for Chlorine, in the Appendix]. 

Principle I. Volatility. 

Applications. Estimation of HCI in certain 
cases, separation of CI from K, Ha, Ba, Sr, 
Ca, Mg, Pt and other metals which form non- 
volatile chlorides. 

Method A. Place a weighed quantity of 
the powdered chloride to be examined, in a, 
platinum or light porcelain capsule, cover it 
with pure sulphuric acid somewhat diluted 



; list 



IS acids. 



with water, and heat the i 
chlorhydric acid and the exi 
acid has been expelled. I{ 



■e until all the 
ss of tiie sulphuric 
ite and weigh the 
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iJa CHI.ORlITDniC ACID. 

residual sulphate. Calculate the chlorine the abduction tube begins fo get hot change 

from the loss of weight. Care must be taken the receiving bottle, since the aqueous vapor 

to heat the mixture gently at first, in order to chawed with gas which is now going forward 

avoid frothing, but a strong heat will Bubse- would weaken the strong acid already ob- 

quently be needed to expel tiie free sulphuric tained. The action of fuming chlortjdrie 

acid. — This metho<l will not serve for the acid, is, in general, fer more energetic than 

analysis of the chlorides of silver, lead, raer- that of the diluted acid. In order to obtdn an 

cury and tin, since these substances are eitlier acid absolutely free from arsenic and chlorine, 

undecoraposable by sulphuric acid or only im- care must be taken to use purified Sulphuric 

perfectly decomposed by that agent. Acid. 

Melhtid B. To separate chlorine ft^m pla- The pure acid should neither color a mixture 

tinuiu, heat the compound in stream of hy of staroTi paste and iodide of potassium (cMo- 

drogen gas, lead the chlorhydric acid, which is rinc), nor discolor a liquid made slightly blue 

formed, into a solution of nitrate of silver and witli starch and iodine (snlphurous acid), nor 

weigh liie Chloride of Silver, (v. Bonsdorff). should it when highly diluted g^ve any cloud- 

^ Principle II. Power of neutralizing alka^ iness or coloration with chloride of barium, 

lies. sulphuretted hydrogen, or sulphocyanide of' 

Application. Valuation of the aqueous acid, potassium. 

Method. See Acidinietrj-, method by neu- Chlorides. 
tralization. Most of the highly volatile chlorides, such 

Principle III. Comparative weight of a as the compounds of CI, with P, S, Se, Te, 

^ven volume of the aqueous solution in pro- As, Sb, Cr, Ti, Sn, etc., have to be dissolved 

portion as it contains more acid. in water, as a step preliminary to their aiialy- 

Appiicaiion. Valuation of the commercial sis. It is to be remembered that their solution, 

acid. or rather decomposition by water, is usually of 

Method. See Acidiraetry, method by taking such nature that the hydrogen of tiie water 

the specific gravity. goes to the elilorine, while the oxygen unites 

PriTiciple IV. Power of expelling boracic with the other element to form an oxygen 

acid from its compounds with metals. acid. But if we can determine the amount of 

Application. Indirect analysis of alkaline oxygen in the acid fonued, the composition of 

borates. Separation of boracic acid from eev- the original chloride can be easily calculated ; 

eral of the metals. for example 

Method. Dissolve a weighed quantity of the fo^ + aH,o =1 auci + h-pOj 

borate in water, add an excess of chlorhydric ^'°'' + ^"'° f *°^^ '^ ^™'' 

acid, and evaporate the mixture to dryness Or instead of estimating the oxygen acid, the 

upon a water batb. Take care to add a few chlorhydric acid may be estimated as Chloride 

drops of chlorhjidrie acid to the residue before of Silver. Only a few of the volatile ciilo- 

it is quite dry, and continue to heat the resi- rides enumerated deposit anything on being 

due until no more chlorhydric acid vapors mixed with ivater, though some sulphur and 

escape. Determine the chlorine in the residue selenium is set free ti^ra the chlorides of those 

as Chloride .^f.Silver, calculate therefrom the elements, and a little phosphorus, previously 

amount of metal, and the boracic acid by held in solution is dropped by_ tercnlorlde of . 

the difference. tor the analysis of borax phosphorus. Chloride ot tellurium leaves me- 

Chis process yields very satisfactory results, tallic tellurium as well as telltuxjus acid. (fl. 

(Schweizer). Eose). When lii^uid, these volatile chlorides 

Principle V, Power of reducing high may be weighed out for analyws in little glass 
oxides. See the various high oxides and bulbs such as have been described under Car- 
oxygenated compounds, notably Chromic Acid, bon, analysis of volatile liquids, p. 67. The 
bichromate of Potassium, binOxide of Man- weighing bulbs should have longstems and the 
ganese. Chlorates, etc., etc. Compare also points should be drawn out very fine so tliat a 
Arsenious Acid. liquid may be weighed even in an unsealed 

For vase as a reagent, pure chlorhydric acid btilb without losing anything through evapora- 

may be prepared, aiter Fresenius, as follows: tion. The filled and weighed bulb is finally 

Pour a cooled mixture of 7 parts of concea- dropped into a glass-stoppereti bottle, contaiu- 

trated sulphuric acid, and 2 parts of water, ing some cold water; the stopper is inserted 

over 4 parts of chloride of sodium in a retort, and held in tightly, and the bottle shaken, first 

Set the retort upon a sand bath with its neck to break the bulb, and again sometime after- 

slightly raised, and by means of a tube bent wards to absorb the last traces of chlorhydric 

at an obtuse angle connect the neck of the gas. These precautions are necessary because 

retort with a bottle containing 3 or 4 parts of of the heat developed by the action of water 

water. Keep the receiving bottle cool and upon the chloride. — Solid volatile clilo- 

heat the retort as long as niuch gas continues rides like tliat of phosphorus may be weighed 

to be evolved from it. The abduction tube in a small glass- stoppered fiask or tube, and 

should touch, but scarcely moi'o than touch, the the latter subsequently opened and uarefully 

surfiice of tlie water in the bottle. As soon as thrown into a bottle ol water. 
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Principle 11. Deooraposition of by die pro- 
toxides of various metals. See tlie CMoridea 
of these metals. Tlie value of the principle 
depends upon tlie fixity of tiie dilorides. 
This principle comes into play also when Am- 
monia is volatilized by means of lime or 
either of the fixed alkalies, and when Hj'drato 
of Aluminum or Hydrate of Chromium la pre- 
cipitated by adding chloride of ammonium to 
ao alkaline solution of these metals. 

Principle HI. Power of reducing certain 
high oxides. See Arsenic Acid, Chromic 
Acid and Chloride of Antimony. 

Principle IV. Power of converting salts 
of other acitb into Chlorides. Compare Sul- 
phate of Potassium. 

Principle V. Power of retaining various 
metals in solution, or rather of forming soluble 
double salts with the compounds of these raet- 

ApjMcalions. The most important perhaps 
of the applications of tliia principle mav be 
seen under Arseniate of Magnesium and \m 
moaium, and under Phosphate of Magnesium 
and Ammoninm. It is applied almost always 
in the analysis of compounds which contain 
magnesium; and frequently serves also to 
prevent the precipitation of smiJl qiantities 
of manganese and nickel (See Hydrate of 
Iron), of tartrate of calcium, etc. 

For use as a reagent, a solution of the pure 
crystallbed commercial salt in 8 parts of water 
is ordinarily employed. It should be neutral 
to test papers, should give no coloration of 
iron when tested with sulphide of ammonium 
and should leave no residue when heated upon 

iilatinum foil. For methods employed by btas 
or preparing chloride of ammonium of an ex 
ceptionai degree of purity, see Zeiisch analyL 
Chem., 18G7, 6. 42S. 
Chloride of Ammonium. 

Principle I. Fixity of the salt at 100". 

A/iplicaCions. Estimation of ammonium in 
ammonia gas, ammonia water, and the com- 
pounds of ammonium with weak volatile acids, 
fiiieh as carbonic and sulphydric acids. Esti- 
mation of iree chlorine. 

.Method A. To estimate ammonia collect 
the gas in an excess of chlorhydric acid of 

aiumonium salt be under examination, super- 
saturate cautiously with the chiorhydric aeid. 
Evaporate the liquid to dryness upon a water 
liath, and dry the residue at 100° in an air 
batli until the weight reinwns constant. 

In case carbonate or sulphide of ammonium 
is to be examined, it may be placed in an in- 
clined flask before adding the aeid. In the 
case of sulphide of ammonium, t!ie liquid 
should be filtered to remove sulphur afl*r the 
truiitment with acid. The process yields accu- 
rate results ; for though solutions of chloride 
of ammonium suffer a certain amount of de- 
composition when lioiled, so that alkaline 
vapor is exliulml and tlie residual li<]U!d has 



an acid reaction, as P^mmet (American Journ. 
Scl. (1.) 18. 25.1) and Fittig (Annakn Chem. 
and Pharm., 138. 189) have shown the pro- 
portion of material thus lost by volatilization is 
very trifling in a properly conducted analysis. 
Method B. To estimate fi*e chlorine, see 
under Chlorine, power of decomposing am- 
monia. 

ferChlorlde of Antimony- 

Principle. Volatility of the chloride. 

Applications. Separation of Sb from Na, 
K, Ba, Sr, Ca. Estimation of 8b, by loss. 

T^e Method is descjibed under Arsenic 
Aeid (reduction of by chloride of ammonium). 
It is well after the first ignition with the chlor- 
ide of aiumonium to stir a fresh portion of 
this salt into the crucible and ae^n ignite, and 
to repeat the process, if need be, until the 
weight of the residual chloride remains con- 
st'uit In separating antimony from the alkali 
metals a double ignition will usually be found 
to bt Buflicient, and as a ffeneral rule the an- 
titnoniates of the true alkaline earths are so 
completely decomposed by a single ignition 
with tlie chloride that no trace of antimony it 
left m the residue. From magnesium on the 
othei hand it is difficult to expel all lie antir 
monv even by repeated ignitions with the 
chloride. It is impossible, moreover, to sep- 
arate antimony from aluminum in this way 
sint e a large portion of the tatter volatilizes 
wilJi the Sibride of ammonium. As regards 
the alkali metals and those of the alkaline 
earths the process yields very accurate results 
(H Rose). 

^jii^mChloride of Antimony* 

Prmt-iple. Volatility of the chloride. 

Applications. Separation of Sb from Co, 
Ni. Fb, Cu. Ag, Au and Ft. 

Method. Heat the mixed sulphides in an 
atmosphere of chlorine gas, in a bulb tube of 
hard glass, in a manner annlagous to that des- 
cribed under Antimony Compounds. If it be 
desired to estimate iSie antnnony directly it 
may be caught for further examination in a 
couple of Haski or U-tubes attached to the 
bulb tube and charged with a mixture of tar- 
taric and chiorhjidric acids. — Instead of 
the mixed sulphides, alloys of antimony and 
tlie metals above enumerated maybe heated in 
the atmosphere of chlorine. "Hie alloy should 
be in tiie form of powder if that be possible, 
or as finely divided as may be. It should be 
but gently heated when the chlorine first acts 
upon it. In case any portion of the alloy 
begins to glow from the action of the chlorine 

lead be present the bulb 
too strongly heated lest some chloride of lead 
be volatuized. As applied to the analysis 
of alloys the process is not specially accurate, 
since the alloys are decomposed with diffi- 
culty, and small portions of the alloy are 
liable to be protected fiiDm decomposition by 
the residual ijiutallie clilorldc, especially wliiiil 
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this is fusible, or wlien the aJloy cannot be honate of Barium, Chromate of Bai'iiim ;md 

finely powdei^. When applieii to tlie mixed Sulphate of Barium. 

sulphides, however, tlie process yields excel- Pure chloride of barium, for use as a 

lent results. Compare Chloride of Sulphur. reafjent, may be prepared by passing a Efcrerun 

The process socnewhat modified, may be of ehlorhydric acid gas through an aijueous 

applied to the analyws of antamoniates or solution of commerdal chloride of barium as 

antimonites. — sueh as those of copper, for long as a precipitate continues to form, 

example, — which are insoluble in acida and Almost the whole of tlie chloride of barium 

which cannot be conveniently decomposed by in the solution may be separated in this way 

fu.'ion with carbonate of sodium and sulphur as a crystalline powder free from calcium and 

(see Sulphide of Antimony). In that CTent strontium. Throw the precipitate npon a 

the substance is placeil in a bulb-tube and filter, and wash it with repeated small por- 

heated in the first place in an atmosphere tions of pure chlorhydric acid until a sample 

of hydrogen, so as to reduce it to the condi- of the washiogs, diluted with water and pre- 

tion of a metallic alloy or mixture, and sub- cipitated with sulphuric acid, gives a flltrife 

sequently in all atmosphere of chlorine in the that leaves no residue when evaporated on 

same tube. — It is possible to analyze in' platinum foil. (Fresenius). The aqueous 

this way the product known as Kupferglimmer solution (1 part Ba Clj to 10 parts of water) 

(Copper mica), consisting of teroiide of anij- should be neutral to test papers, and should 

niony combined with copper and nickel, neither be colored nor rendered cloudy on the 

which occurs as an impurity in some varieties addition of sulphuretted hjdi-ogen or solpliide 

of copper, notably in that of Goslar. This of ammonium. 

substance is not acted u[)on by acids or tiie Chloride of BismUth. (normal ^= 

most powei-tul reagents ; and it cannot well Bi Cy. 

be treated with carbonate of sodium and sul- Principle. Yolatility of. 

phnr on account of the presence of nickel^nd Applicatiuns. Estimation of Bi, by loss, 

copper ; but it is easily decomposed by hydro- Separation of Bi from Pb, Cu and Ag. 

gen at a not very high heat, and liie porous Melhod. Heat the finely divided alloy in 

alloy formed is readily acted upon by chlo- a current of chlorine gas in a bulb-tube of 

rine. For tlic analysis of this alloy the hard glass (Compare. Antimony Compounds) 

jnethod now in question is to be prefeired to and wagh the residual metallic chloride, 

the process of dissolving in aqua re^a and Care must be taken to heat the mixture until 

precipitation by sulphide of ammonium. (H. tlie whole of the bismuth has been expelled, 

Bose). but if lead be present the heat must be regu- 

Chloride of Arsenic. lated so tbat no chloride of lead shall be toI- 

Pi-mcifde. Vofatiiity of (Compare Ar- atilized. If it be desirable to estimate the bis- 

senic Acid, re<]uction of by chloride of ammo- mjith directly, it may be caught for ftirther 

nium). ti-oatment, in a couple of little flasks or U 

Appticalions, Estimation of arsenic by loss, tubes attached to the bulb tube, and charged 

Separation of As fi\>m Na, K, (Method A), with chloriiydric acid. From this solution 

Co, Ni, Pb, Cu, Ag, Au and Pt, (Method B), the bismuth may be priMiipitatcd as basic 

less perfectly from the metals of the alkaline Chloride of Bismuth, 

eartla. (Method A). ChlorldO Of BiSIHUth. (basic = 

Method A. By heating with chloride of BiClg ; 2BijO„ -+- HjO). 

ammonium. See Arsenic Aeitl. To separate Piinciple. Insolubility in water and dilute 

arsenic from barium, strontium and calcium in acids. " 

this way, the mixture in the crucible has gen- AppUcaliona. Separation of bismuth from 

erally to be treated with five successive por- other metals, such as Na, K, Ba, Ca, Sr, Mn, 

tions of chloride of ammonium. Arseniate of Cd, Zn, Co, Ni, Cu, Hg, but not from Fe or 

magnesium cannot be thoroughly decom- Al. 

posed even by repeated mixture and ignition Method. Mix the nitric acid solution of 

with the ammonium salt. (H. Rose). bismuth witli chlorhydric add, or better with 

Method B. Heat tlie mixed sulphides in chloride of ammonium and dilute the mixture 

a current of chlorine gas in a bulb tube of with a very lat^ quantity of water. Since 

hard glass and weigh tlie i-esidual metallic a larger quantity of water will be needed in 

chioriae or the metallic gold or platinum, proportion as the solution contains more free 

(Compare Antimony Compounds and Ohio- acid it is imposable to determine beforehand 

ride of Sulphur). Arsenica] alloys, even just how much water should be added. The 

when very fiuely divided can only be decom- precipitate at first formed must consequently 

posed witli extreme slowness when heated in he allowed to settle and portions of the clear 

an atmosphere oi chlorine. liquor above it must be poured off and tested 

Chloride Of Barium. with new quantities of water. Solongasany 

Frincipte. Power of precipitating carbon- cloudiness is tliu^ produced, fresh portions of 

ates, sulphates and chromates. Compare Car- " water must be ad led to the main mixture of 
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CHI.OEIDE OF CALCIUM. 125 

liquid and precipitate. — In. order to of Ca, from Mg, As, Sb, Bl, 1I|, ajid Sn. 

avcwd the necessity of adding a large volume (Method B). 

of water care must be taken in the.first place Melhad A. Choose a combustion tube 

not to employ a large exgess of acid in dis- about 40 o. m. long, and close it at one end as 

solving the bismuth compound. If the solu- if it were a test tube. Place a layer 6 e. m. 

tion be already strongly acid it may b6 Ions of Oxide of Calcium, free from chlorine, 

nearly neatralized with ammonia before add- at tne end of the tube, then the weighed sob- 

ing the water. Id case the solution to be stance to be analyzed (in small glass bulbs if 

analyzed is very dilute it should be concen- it be volatilej, and another 6 c. m. layer of 

trauid by evaporation so as to expel much of the lime. Mix these materials witli a wire, as 

its free acid. There is no danger in thus described under Carbon, p. 61, and aftfrwards 

evaporating! f only nitric acid be present, but fill the tube almost completely with liine. Hold 

if the solntjon contains cblorliydric acid or the tube in a horizontal position, and rap it 

aqua regia sonae chloride of bismuth may be gently against the table untH its contents have 

lost by volatilization unless care be taken to settleii so as to leave a free passage for the 

prevent this result. It is to be remarked in escape of the gases which are to be evolved, 

tliat eonneetioa that the chloride of bismuth then place it in a combustion furnace and heat 

does not begin to volatilize until the lai^er the mixture as in an ordinary combustion (sec 

part of the tree ehlorhydric acid In the solu- Carbon) . ' When all the organic matter has 

tion has been expelled. Instead of evapor- been decomposed, dissolve the contents of die 

ating the liquor, the free ehlorhydric acid may tube in dilute nitric acid, and estimate the 



jutralized hy ammonia; — to this end add elilorine as Chloride of-Silver. According t 

onia water until the solution has only a Kolbe, tlie products of the combustion may be 

faint acid reaction, betbre adding the excess removed from the tube as follows : — As soon 

of water. ^ Collect the precipitated basic as the decomposition is complete, remove the 

chloride of bismuth upon a weighed filter, and lire from the tube, cork the latter and in casa 

wash it at the ordinary temperature with charcoal has been u?ed as the fuel, rC' 

water very slightly acidulated with cblofhy- move every particle of ash from the tube, 

drio aeid until the filtrate yields no residue Immerse the hot tube, sealed end doivnwanls, 

when evapomted on platinum." Acidulated into a beaker two-thirds fiiil of distilled water, 

water is used instead of pure water fijr wash- so that it may break into numberless pieces 

ing because the latter would dissolve out some and its contents fall out to be rciidily acted 

elilorine from the precipitate. From the upon by the acid. ••.' When conipouBda 

weight of the precipitate, dried at 100°, caleu- rii;h in nitrogen are treated in this way, some 

late the weight of the bismuth. cyanide of calcium is liable to be tbrmed. 

In case ue original bismuth solution con- lor the method of freeing chloride of silver 

tains sulphurie acid, the preeipitated chloride from cyanide, see Cvanide of Silver, 

will retain a slight trace of it m the form of a Method B. See tlie Chlorides of the several 

basic sulphate, but the quantity is so small metals above enumerated (volatility at), 

that it can hardly have any influence upon Principle II. Power of absorbing water, 

die accuracy of the result, especially as the [Compare Sulphuric Acid, Sulphate of Cop- 

equivaient weight of the basic chloride of bis- per. Hydrate of Calcium, and Phosphoric 

muth does not diffei' very much fi'om that of Acid]. 

the basic sulphate. Some phosphoric acid is Applications. Estimation of water and of 
dragged down in like manner by the basic hydrogen. Separation of hydrogen from car- 
chloride of bismuth, in case there is any of it bon, etc. 

in the original solution. But it is easy in Method. Tubes of light, but strong glass, 

either event to detei-mine the amount of bis- either U-ehapod, or horizontal with a bulb 

niuth in the pi-ecipitate by melting it with near one end, are filled with small lumps of 

cyanide of potassium, (See Bismuth, fixity the dry porous chloride, and their lai^e ends 

of). — It is not possible to estimate bis- closed with perforated corks, provided with 

muth in the basic chloride by the nietiiod of short abduction tubes. ITie corks should be 

reduction with hydrogen, since a large quan- covered with a thin, smooth coating of seal- 

tity of chloride of bisnmth would be lost hy ing wax, to prevent tiiem from absorbing mois- 

volalilization, (H. Rose). ture from the air, or giving up moisture to the 

: Properties. The precipitate is as good as air according to tlie state of hydration of the 

absolutely insoluble in water and dilute acids, latter. 

Bismuth may be so completely precipitated In tiling the tubes, small, loose tults of 
in this way that no trace of the metal can be cotton should be placed so as (« prevent par- 
detected in the filtrate from the basic thlo- ticies ot' tlie chloride from falling intu the 
ridt>, niirrow abduction tubes, by means of which 
Chloride of Calcium p ^^^ tube is to be connected with otiier pieces 
Principle I. Fixity when heated. of apparatus. The abduction tubes should be 
AppUailions. Estimation of chlorine in or- wiped clean and dry by means of little rolls of 
ganic compounds. (Method A). Separation filter paper, and when not in use their ends 



yGoogle 



should be kept covered witli little capfi, formed part of ordinary commercia] eliloAjdric acid 

by plugging short pieces of rubber tubing with 6 parts of water, and place tlie liquid in 

wieli bits of glass rod. a tall stone jar; add ebalk or powdered marble 

Sometimes the tube is filled vritii fused chto- to the acid by smaii quantiljes, until the last 

ride of (lalciucn, instead of the porous chloride ]iortion refuses to dissolve Then a Id a I'ttJe 

But in either event the filled tube is weighed shked lime and sulphnretfed hydrogen water, 

after it has been wiped clean, and luft it rest until a filtered sample of the lnju d gn e'! no 

for some lime in a place of tolerablv constant reaction with sulphi le of ammonium Put 

temperature, — then attached to the if paratus tht, solution in a stopperel bottle a d let it 

from which moisture is to be derived anl stand for ! hours m a wftim plate tl en filter 

finally weighed ^ain, together with the watir eiactly neutral /e tjie titiate coiicenlrate 1 j 

which baa been absorbed by the chloride evaporation and crystallize Let the crjstals 

(See Carbon, p. 62, and Carbonic Acid p 79) dram and dissolve 1 part of them in ibout S 

Chloride of caleimn has the great ment of parts of water for use — A solution of 

not absorbing any carbonic acid wben a mix chloride of calcium should be pertectlj i eutnl 

ture of that substance and aqueous vapor is and =hou3 1 neither be colored nor pr pit. t 1 

passed through it; but it is to be lemarktd by sulphide of ammonium It 'loild not 

that as a mere dessieating agent, it is distinct *»io!ie anmonia ■when heated ■nitb 'Jakcl 

ly less efficient than Sulphuric Acid Pttten lin e 

kofer observed, some years since that air To oUutn pmous cAlonde of calnu fit i i 

■which had been dried by chloride of calcium absorbing water m the ananiis of Caibon 

still gave up moisture to strong sulphuric compounds eviporate a neutral solut on to 

acid; and Fresenius (Zeiisch, analyi fhem dryness in a clean iron di'4 orpin and ex - 

1865, 4. 177 et seq.y has determined b( care pose the residue for several hours to a heat of 

ful experiments that neither fused chloride of about 200° upon a sand bath. Tlie white po- 

caleium, nor the ordinary dry porous variety, rous mnsi thus obtained consists of CaClj -j- 

— which in his eaperiineuts contained as much 2II2O- 

as 21 per cent, of water, — is capable of The funed cft/orii/e, such as is used for dry- 
thoroughly drying moist air. Air which has ing air and olJjer gases needed for quantitative 
been dried as completely as possible by chlo- operations, may be obfcuned by evaporating 
ride of calcium, always ^es up moisture to any solution of the chloride to drj-ness, and 
strong sulphuric acid. The fused chloride fiising the residue in a Hessian cTucible. Pour 
does not dry air any more completely than the out the fused mass upon stone or metal, break 
porous chloride, but acts ratlier more quickly the sheet info pieces and preserve the liag- 
tiiau the latter; a shorter column of it will meats in well-stoppered bottles, 
suffice t« remove all the moisture that can be Chloride Of ChrOlnium. 
removed by chloi'ide of calcium. The exper- Piinciple. Colorific power, 
iments of Fresenius show, moreover, tliat Applicatiinis. Estimation of Or and of Co. 
dry air, — that which has been dried by means Methods. As regards the estimation of ehro- 
of sulphuric acid, — on being, passed over or- mium, see the general subject of Coloriraetry. 
dinary porous chloride of calcium, or fiised Since the color of chloi'ide of cliromiuni is 
chloride which has been made to absorb a complementary to that of sulphate of cobalt, 

estimated by 



little water, is capable of removing a very the quantity of the latter may be estin 
small quantity of moisture from the chloride. titrating with a standard solution of 



The inability of chloride oi' calcium to re- of chromium, until the colors have pi-eeiacly 

move all the moisture from air, is no objection neutralized one another. (Himly & IJehms). 

to the use of this ^ent in those cases where According to Dehms (Zeiliteh. anatyl. Chera., 

the substance to be analyzed for water is 1864, 8, 222) tlie process yields usethl results, 

heated in a current of air. For if the incom- tiiough it is inferior to the coiTesponding one 

ing as well as the outgoing ^r be dried by in which sulphate of nickel is employed. With 

chloride of calcium, it wilfbe brought to a tlie ehrome salt a difficulty -is encountered in 

normal condition of dryness in both instances, the fact tliat the point where the colors neu- 

and the whole of tlie water of the substance tralize one another is concealed by a yellowish 

to be analyzed will be retained in the chloride tint, whicb then appears in the liquid, 

of calcium tube. IDrrors would evidently be CHIpride Of Cobalt. 

introduced, however, in case the incoming air Principle I- Fixity wlicn heated, 

were dried by sulphuric acid, and the outgoing Applicaliorm. Separaiion of Co from As, 

by chloride of calcium, or if this arrange- Sb, Bl, Hg and Sn. 

ment were precisely reversed. Method. See the Chlorides of the several 

It is in the estimation of Carbonic Acid, by metals, 

loss, that the inefficiency of chloride of eat- Principle II. Colorific powers, 

cium is specially conspicuous. Applkcdion. Eatimatjon of cobalt. 

For use as a reagent pure chloride^of cal- Aletltoil. See Colorimetry, A. Mueller's pro- 

e-ium may be prepared as folloiva: — Mix 1 cess, and Zeitsch. anali/l. C/iem., ISSe, 6. 42G. 
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OF COFI'ER. ^^> 

Iimtead of aglass plate of a color comolemen- i>iChloride Of Coppcr. 

tary to that of the cobalt Eolation, Winkler Principle. Power of reducing ferric chlo- 

usea a solution of nickel. ride: — 

Principle III. Change of color from blue ^.^^.^ ^ p^j-i^ ^ p,cii + t^ci^ 

to red by means of water. .... it i . - ,. v * ■ 

Application. Volumetric estimation of water AppkoaUon. Volumetric estimatioa ot iron, 
in sototion. of organic oompounds. jM.i»o.I. JTiere are needed three .oluiion.i 

MelM. Ignifi a qnanfity of the bine an- —one of dichlorlde ol copper, one of se.<iui- 

bydrou. cUoSd. genlly, grind it in a warm chloride of mn and one of ■ulphocy.inde^ of 

nirtar.uid treat it with absolute alcohol in a potassium (1 part of the .at m . about S 

perfectly dry Hask. AUow the mixture to P-rts of water). To prepare the dichlorido 

Band 21 hours, then separate the blue solution of copper, diKolvo sheet copper m ama rcgia, 

from the undissolved chloride by filtering it evaporate to deHt:T>y the excess ot nimc' acid, 

under a tubulated Ml glass, sealii with ton- ■i»«>l"> «>» '"•^<" '" "'" "OiMa""! ""l" 

centratcd sulphuric aei3 below and carrying cblorbydric aeid, transfer the »lntion to a 

a chloride of calcium tube at the tubini ihiek and mia with ,t a onantity of chloride 

This saturated solution, containing 2S.«J per •* sodium about equal to lie weight o the di- 

eent of chloride of bobalt, is neat Siluted with chloride of copper to be oboiined. Place also 

absolute alcohol until the solution contains no in the flask some stiips ol sheet copper and 

more than 5 or 10 per cent of the chloride, heat the miiture to boiling until tl.o Injuid 

To BtandardiM the dilute solution, weigh out ha. become almost eoloitai then "li the 

■bout 5 grms. of water In a beaker, plm the ""k, allow it. eontenU to eoil and dilute 

latter uSon a wMte ground, and pour the '"»!' "» acidnUlod wiii chiorhydrm acid 

cobalt solution into it from a burette until the to such aa extent that one e. c. ol tlie 

Hquid Is violet colored, or oven .how. a. us- liqn"i «" reduce about 6 mdiigram. of iron 

piiion of Hue. Some experience is required f«>m the stato of resqui- to protoehlorido. 

fn order to be sure of the precise tint at wHch He purpose of the chloride ol sodium .to 

to stop. It i. weJI, therefore, to reUin the prevent the deposition of any solid dichloride 

liquid which has been used in the o[«r«tion of of copper when the hqoid i. boiled wih flie 

stilidardiaing a. a point of comSrison for eonpcr slrips. - llic solution ol dieho- 

friturc expcrtmenu. - In an actW cxperi- "& "•/ b" kept lor miew* but litUe 

ment, the ctiumtion of water in glycerin, for change, by p rang it in . tightly .loppoied 

example, it is simply ncccur, to weigh out bottle ,„ wtieh has been placed • "piral of 

6 or 10 grms. of tbS material, and pour upon stout copper wire reaching Iroiu the boittm 

it the Mandard eob.lt .oiution until the ^e- =1 the bottle almost to its top. Or the limid 

determined violet tint is reached. Though may be kept in the .»n, way a. protoCl.lo- 

the results obtained by thi. praic.. are not ride of i;in, »- ■• » b-t ™ ..ih.r .vent m 

absolutely accurate, they still furnish tolerably standardize " 

close approximations to the truth. ITie pro- " — ™^"i 

CCS. will be found uaeful in many cases, though — -- , - - , . . , 

of eoutse, it can bo applied only to .ubstanoe. .tandardimg the copper solution is prop-ared 

soluble in alcohol, aai to those which have no by di..olvin|! lO.OS g.™. ol flue iron piano 

chemical aetdon upon chloride of cobalt. Op- wire («jmvaeat to 10 grm.. of pure nron) 

crating with . solution of chloride of cobaft, i. oblortyd™ acid, with addition o a litilo 

each e. e. of which represented 0.220 grm. of chlorate ol potmimn. After hoalng the 

water, Winkler fbund in glycerin 13.6 and 62.8 bqu.d to expel chlorine .t i. dilated to the 

per cent of watei inateiwl of 12 and 62 per volume ol a litre. , ,- . 

font! in aldehyde 73 9 per cent water instJ«l I- an actna analysis, the iron so ntion to 

75 lir cent, aid m a .oiution of cy.nbydric be tcted *ou d be strongly acid and highly 

«!ld S1.9 pJrcent insteol of 90.8. - The dilute. "%* or J drop, of the folntion ol 

proee.. w»i not lound to be fully applicable in .ulphocyanido of potmium, « eh i" t» '™ 

the ease of alcohol Good reJnit. were ob- a. an indicator, should be added » the liquid 

tainod with .pint, which contained more thaa in order that the diflicult^ »luble sulphoey- 

25 percent of water, hut when loss than 25 anide of coppcr may not be formed too smu. 

per cent of water wm pre.ont the blue color When once tancd thi. prec.pit.bB oalv di» 

ippoared too .eon, ,md tie results were wo.™ .olve. with difiieulty. If the indicator be »i- 

atS wor,e in proportion » tl.ere was le.. water led in correct preportioa, a. al»ve, the deeo - 

in Ihc alcohol examined. (Winkler, Jmrr.. orat ton of the red .ulphocyajide ol iron wdl 

nml'i rhfm Biaoq.t be sharply dchned, and only alter all the lerric 

PmX'iV Sdieibilitv bv bvdre.cn. chloride las been redueoJ to a ferxon. salt 

ZSniT' CratSitf S Ba, will the next drop of diehlordc of c^pe, p,^ 

Rv Pa. and Mn ' duee a soft permanent cioudiness due to pre- 

if.««<(. So.' Oobdt, fixity when heated. cipitalion of di.olphoey«dde of copper. . 
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I!i0 tHLOMDE Ol (OPPLIt 

is ■weiU to dilute a solution of ferric chlonde C and H (Method A). Separation of Cu 
wt cli cental !> li-oin 1 to 2 grms ol iron trom As, Sb, Bi. Hg and Sn. (Method B.) 
to the Y luuie of 600 c e or more, not that Method i Bund a combustion tube and 
Hm I \mi on $ abRolu(<.Iy essential to the sue pack i portion of it with asbestos, as de- 
cess of the exp< riuicnt, but that the indicator scnbed under Carbon, p. 72. About 10 
aclB more pla nly and satisfactorily in solu inches of the posterior horizontal part of tliu 
tons this d luted 'J.he presence of metals tube 'hould be tlius packed with purified 
s ch as cobalt nickel ind copper, the salts ot asbestos , a space of about 2 inches bomn; left 
which }, ve colored solutions, do not interfere vacant m front of tlie column. Place a short 
with the process when the liquor is suHiuientlj' plug of asbestos in front of the two-inch 
dilute. Arsenic aciJ moreover does not inter- vacant space, then a column 4 or 5 hiches 
fere with the process. Attempts to use other long of an intunate mixture of asbestos and 
substanees as indicaSors, such as molj-bdate brown oxide of copper, — prepared by pre- 
of atnmoniuiu, iodide of potassium and starch, cipitatjng a copper salt with jjotash lye and 
diniodide of copper, etc., gave less satisfactory igniting the washed preeipitate over the 
results than those obtained with the sulpho- flame of a Bunsen burner, — and last of all, 
cyanide ; and without an indicator the another plug of asbestos to keep the oxide in 
method is not e;iact. place. — Place the tubft upon a gas eom- 

The merit of dichloride of copper as com- bustion furnace and push an air bath over 

pared with that of protochloride of tin is that portion of the anterior part of the tube 

found in the fact that it aeis readily in the which contains the mixture of asbestos and 

cold. (Winkler, Journ. prakt. Chera., 95. oxide of copper. This air hath is a simyle 

417). a.iiK.\\SiC\e3Uxa{Zeitsck.analyl.Cliem., box or chamber of sheet iron provided with 

1866, 5. 328), object to this process that the three holes. One hole, at tlie top of the 

deeoloralion tiC the sulphocyanide of iron and box, serves for the insertion of a thormom- 

the precipitation of sulphocyanide of copper eter. The other two holes which are oppo- 

do not occur simultaneously. According to ite one another in the sides of the box admit 

ciraumstanee^ rather one or the other of these of the tube being thrust complete!^ through 

plienomena will first appear. If tlie ajipear- the box so that a given portion of its length 

ance of the cloudiness due to sulphocyanide of (that which cont^ns tue oxide of copper) 

copper be regarded as indicative of the point may be enclosed in a confiued volume of air 

of complet* reduction it is essential to success and so subjected to a definite temperature, 

that the conditions ofeach and every experi- The bulb of the thermometer is placed in a 

ment should be similar. For a given quan central position, in the interior of the bath, 

tity of iron the consumption of dichloride of close by the side of the combustion tube 

copper will increase accordingly as the liquid The bath is heated by a Bunsen burner phiced 

is more-highly diluted. It will decrease on u der its Jront end. It should be kept atii 

the other hand if the proportion of sulpliocy ten periture of from 250° to 350° througliout 

anide of potassium be increased. The quan the analjss ^ To the ii-ont of the com- 

tity of free acid alone does not appear to bust o tube attach weighed chloride of cal- 

exert an influence upon the indicator, pro- c urn tub s and potash bulbs as pi-escribed 

vided only that the requisite quantity of acid under Carbon, 

be present. The substance to be analyzed is introduced 

On the other hand, if the destruction of die at the posterior end of the tube and is burned 

coloration due to sulphocyanide of iron be by meaus of a current of oxygen gas, in the 

made to serve as the indicator, it is no easier 10 inch column of asbestos, precisely as has 

to obtain good results, since under some been described under carbon. (See Wan-en's 

circumstances the decoloration is euniplete metliod, p. 72). Alt the chloriue \» absorbed 

some littie time before the appearance of :uiy and retained by the hot oxide of copper in the 

cloudiness in the liquor, while at other times a anterior end, of the tube while the water and 

decided cloudiness will appear before the carbonic acid go forward to be absorbed by 

liquid is completely decolorized. The pre- chloride of calcium and caustic potash in the 

matui-e decoloration of the liquid appears to usual way. After the combustion is finished 

depend upon the facts that the blood red color and the tube has become cold the chloride of 

obtained by adding Buiphocyaiiido of potas- copper, together wiUi tiie excess of oxide, is 

siuni to a solution of feme chloride is in the .dissolved in dilute nitric acid and the chlo- 

first place weakened or diluted by the »<\^- rine is estimated as Chloride of Silver. 'ITie 

tion of chloride of copper, and fiuaily changed solution of the chloride and oxide of cojiper 

to green by a great excess of the latter ; and is readily and completely eficctcd by ininier- 

that this tendency to obscuration^s inci-eased sing the front part of the combustion tube, in 

by tlie presence of ferrous chloride. a vertical position, in & cylinder charged with 

pro^oChlorlde of Copper [basic]. tin! dilute acid. Since the quantity of oxide 

Principle. Fixity when heated. of copper I'eijuired to absorb the chlorine is 

Ap^Ucationif. Ji^timation of chlorine in very small, there is no difficulty in dissolving 

organic compounds. Separation of CI from it, or in tlie subsequent stages of the chlorine 
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solution of the chloride and oxide of copper is 
readily and conipit'tely effectf^d b)' immersing 
the front pnrt of the coDibustion tube, in. a 
vertical position, in » cylinder charged with 
^le dilute iuiid. Since the qunntity of oxide 
of copper Inquired to absorb the chlorine is 
verj' siuall, there is no difficulty in disBolving 
it, or in the aubseniient stages uf the chlorine 
determination. Four or five grammes of 
oxide of copper are ainjilj- sufficient for a. 
single analysis, but it is to be remartied that 
the oxide must be mixed with enough asbestos 
to fill 4 or fi inches of the combustion tube. 
A shorter culuuin than this aometinies fails 
to retain all the chlorine. The temperature 
of the air bath had better be maintained be- 
tween 260° and 350°. Teiiiperatuvw of IGO" 
or 16il° have bee:? found to be too low, 
though the soft brown oxide of copjier above 
prescribed will absorb chlorine at lower 
temperatures tlian a harder oxide. Oxide of 
copper is found on the whole to serve better 
than oxide of lead or oxide of zinc as au 
absorber of chlorine, though in the case of 
some difGcnltly combiistilile ehlurine com- 
pounds, which cannot be burned completely 
by oxygen gas, oside of zinc is to be pre- 
ferred (See Chloride of Zinc). It is probable 
that bromine and iodine compounds can be 
analyzed in this way as well as chlorine com- 
pounds. (Warren, Proc. Ameiiciin Acad., 
1866,7.84; Zeilecli. anoint. Chem., S. 174). 

Method B. See CJdorido of Antimony, 
Chloride of Sulphur, and the Chlorides of the 
other metals enumerated above. The (chlo- 
ride of copper left in the bulb tube cannot be 
wei hed direct!^ since it is a mixture of mono- 
and basic-chloride. The residue must be dis- 
sol /ed in uhlorhydric acid and the copper 
estimated in some appropriate ivny. 
pr,>fDChlOride of Iron. [Compare 

Ferrous Salts]. 

Principle. Volatility of. 

ApplicalLns. f^paration of Pe from' Al, 
Cr, Gl, and luost of the rare earths. 

Method. A quantity of the mixed pi'ecipi- 
tate of sesquiOxide of Ii^on, alumina and 
chrome is. weighed out in a small porcelain 
boat; the boat is placed in a porcelain tube, 
and there heated to redness in a current of 
dry hydrogen gas, as long as any water is 
formed. Dry chlorhydric acid gas is then 

Caesed throuj^h the hot tube, #,nd aflerwarUs 
ydrogen again. The whole of fiie iron vol- 
atilizes as protochloriile, while ihe aluinma 
(or the chrome) is left in a state of pui'ity to 
be weighed. Tlie iron is either estimated from 
the loss, or collected and determined. In the 
larcer case a tubulated receiver is attached to 
the porcelain tube, and at the close of the 
experiment moist chlorhydric acid gas is con- 
ducted into the tube and the receiver. To 
this end a flask of dilute chlorhydric acid is 
attached to the end of the porcelain tube, and 
its contents are heated to boiling. . During 



this operation the tiibulure of the receiver is 
pointM downwards into a beaker, and the 
tube is slightly inclined. (Deville, Annates 
CAim. et Phya., 38). 

The foregoing process has been modified by 
J. P. Cooke (American Joum. Sei, 1866,42. 
78) as follows: — Instead of the porcelain tube, 
take a platiauin tube about G inches by 0.4 inch 
in diameter, the neck of a small platinum still, 
for example, will answ;er perfectly; and in- 
stead of the porcelain boat; take one of plati- 
num as large as the tube will aduiit, and aboul 
1.6 inch long. Mount the tube horizontally 
upon any convenient stand, and dope one end 
with a two-holed rubber stopper. Through 
one hole of the stopper thrust the delivery 
tube of a self-regalating hydrogen generator, 
and through the otherflie delivery tube of a 
small :flask fitted to generate chlorhydric acid 
gas. To the other end of the tube attach by 
means of a caoutchouc connecter, a small 
glass adapter, so curved that the end may dip 
into a beaker of water. Weigh out in the 
boat a quantJty of the finely pondered oxides 
to be analyzed; place the boat in the tube, 
pass a skiw curi'ent. of hydrogen, atid heat 
the tube at the point where tiie boat h, by 
means of a single Bunsen burner. In the 
course of half an hour tlie whole of the oxide 
of iron will be reduced t« the metallic state. 
Then replace the stream of hvdrogen by a 
much more rapid curi'Cnt of chlorhydric acid 
gas, and instead of the Bunsen burner, heat 
the tube with a blast Jauip. The reduced 
iron is rapidly changed to chloride, which is 
carried forward in the current of gas and dis- 
solves in the water of the beaker. Aller a 
few minutes tlie action ceases, and the chlor- 
livdric acid is to be replaced by hydrogen. 
The lamp is then withdrawn, and the ajijiara- 
tus allowejl to cool, hi case the alumina or 
other earth in the boat is not perfectly white; 
it should be replaced in tlie. tube and the pro- 
cess repeated. ^ For generating the clilor- 
bydrio acid, the flask phould be charged witli 
coarse salt and sulphuric acid, which has lictn 
diluted with about one-lhini its volume of 
water and allowed to cool. ITiis mixture 
when gently heated, gives a constant flow of 

f;as which stops almost immediately when the 
amp is withdrawn. Both tlie chlorhydric 
acid and the hydrogen should be made t« pass 
through a bottle cliarged with oil of vitriol, 
before being admitted to the platinum tube. 
It is not well to ti-y to use a oiiiall porcelain 
tube in place of the platinum tube, Bince the 
lamps employed could not heat it sufficiently, 
and there would be risk of breakine the porce- 
lain tube if it were heated by a Tamp. Ac- 
cording to Cooke, Devil le'a process afibrds 
exceedingly accurate result?. 

Johnson (see his N. Y. edition of Fresenius) 
proceeds as follows: — Weigh out a quantity 
o{ the powdered mixed oxides in a platiniijii 
crucible. Ignite over a Bunsen burner in a 
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stream of hydrc^en gas for about an hour, or while in excess. Filter the liquid into another 

as lomj; as water ibrios. Thun ignite over a flask and pass ulilorine (fas through it with 

blast lamp in a current of mixed hydrogen frequent shaking, until a drop of the liquid no 

and chlorhydric aeid gases. The whole of the lunger gives a blue precipitate when tufted 

iron volatilizes as protochloride, and is deter- witli ferricyanido of potassium. Heat the 

mined by tlie loss, while the alumina and liquid to expel the excess of clilorine, and 

chrome are left in a state of purity. dilute with as njueh water as may be neces- 

.Se^nuiChlOrlde of Iron. [Compare sary. A solution of ferric chloride should uon- 

Ferric Salts]. tain no excess of aeid A small sample of it 

Principle J. Volatility. ft ed n tl j rod wl h ha* jnst been d pped 

Appliralion. Estimation of carbon n st n an o water w I! givt a prccptiteat 

iron. o (-^ ttlea(.dbe not n i^cc s It should 

Melhod. Weigh out a quantity of the ron ot „ vt. a blue p -eeip tnte w th fe -n yan de 

in a porcelain boat, place the boat n a h rd ot j ot.tfa u 

glass tube and heat it to dull redi ss n a -lo prepare a sta la 1 sotuton of ferrio 

stream of chlorine, until no more chlor di, of cl lor i F esen us (/!e stA amiljt Chem., 

iron is formed. Care must be taken to dr> IS"-, 1- -7) pioceids as follows.— Wu„h out 

the chlorine completely by passing it through 10.03 gvms. of fine iron wire (piano wire), 

pumico stone wet with sulphuric acid; other- tliat is to say, as much as will contain 10 erms. 

wise some carbon will be lost through the for- of absolutely pure iron, dissolve it in chlorhy- 

mation of a volatile hydrocarbon. When drv drie acid in a long necked flask set slanting, 

chlorine is used, the whole of the carbon will add enough chlorate of potassium t« oxidize 

remain in the boat. It is to be burned in the iron, and expel completely the excess of 

oxygen, and the carbonic acid collected and chlorine by long continued gentle boiling, 

weighed, see Oarbou, An estimation of c.ti^ Finally dilute the solution wiUi water to the 

bon in iron may be made in this way in 2 volume of 1 litre, 

hours. The process is excellent, and yields ChloHde Of Lead. 

remarkably concordant results. (Burzulius ; Piincijile I. Fixity when heated. 

Wuehler; Tosh, Chemicttl News, 1867. 16> Apptkatioits. Separation of Pb from As, 

94). According to M. Buchner, this process Sb, Bi, Hg and Sn. 

aflonls results as accurate as those obtained Alelhod. See the Chlorides of the several 
by BerzeUus's method which' depends on the metals enumerated, and Chloride of Sulphur, 
insolubility of Carbon in chloride of copper. Care must be taken not to ignite the mixed 
It is connneuded also by B. Kerl, — H. sulphides and chlorides too strongly, lest some 
Hose (edition of ISol, p. 753) has objected of the chloride be lost through volatilization, 
that tie process is inconvenient since it is In ease it is desired to remove the chloride of 
, difficult to obtain chlorine absolutely free from lead from the bulb tube in order to weigh the 
oxygen at air, and if oxygon bo allowed to go latter, heat the cliloride in a stream of hydro- 
forward in the chlorine, some of the carbon gen and dissolve the metallic lead in nitric 
will be oxidJKed by it and so lost. There is a acid. — For Warren's experiments on the 
tendency, moreovei', on the part of tlie chlo- use of this principle for estimating chlorine in 
ride of iron to stop the tube. organic compounds, see Proc. Amer. Acad., 
Properties. Fe;ir8 are sometimes expressed 18*16, 7. pp. 88, 88; compare proluChloiide of 
lest suiall quantities of ferric chloride may be Copper (basic). 

lost on evaporating its solutjon to dryness, as Principle II. Insolubility in a mixture of 

in the analysis of silicates, or on boiling a alcohol and ether. 

chlorhydric acid solution of it. But Fresenius Appticalions. Separation of Pb from Cr, 

(Zeilsch. anaiyt. Chem., 1867, 6. 92) has Hg, Ou and Bi. Estimation of Pb in the 

shown by experiments that no appreciable nitrate, cliramate, iodide, and bromide of that 

loss occurs, either on long continued boiling of metal. 

the concentrated clilorhyaric acid solution, or Melhod. Mix the solution with an excess of 

on evaporating solutions to dryness, eitlier chlorhydric aeid, evaporate to diyness upon a 

upon the water batli or at a somewhat higher water batli, and add to the residue a lai^ 

temperature, such as is employed in the analy- quantity of absolute alcohol, mixed with some 

sis of silicates. ether. Let the precipitate settle, then collect 

Principle II. Colorific power. it upon a filter, and wash with the mixture of 

Application. Estimation of iron. alcohol and ether. Dry the. precipitate at a 

Melhod. See Colortmetry, Dehui's later moderate heiit in a porcelain crucible, after 

process. haring burned the filter upon the lid. The 

For use as a reagent ferric chloride may be precipitate must not be heated to redness, lest 

prepared as follows: — Mix 1 part of pure some of the chloride of lead be lost through 

chlorhydric acid with 10 parts of water; place volatilization. In case the precipitate be small 

the mixture in a flask together with a quantity It had better be collected on a weighed filler. 

of small iron tacks, and neat it until no mora The alcoholic solution should be tested with 

hydr()gen is given ofi', the iron being all tlie sulphm-ic acid, and in case a precipitate of 
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CHLORIDE or LITHIUM. lol . 

sulphate of lead falls it should be collected on Lead. (Eliot & Storer, Proc. American Acad.' 

El filter and weigheil. No free clilorhjdric 1860, 8. 55). 

acid should be permitted to remain in the Principle V. Decomposition of by solutions 
liquid before adding the alcohol and ether, for of bicarhonates of the alkali metals- 
chloride of lead la not insoluble in alcohol Application. Estimation of chlorine in elilo- 
acidulated with chlorhydioc acid. In the case ride of lead, 

where chromate of lead has been reduced by Method. [Compare Sulphate of Load]. T)i- 
chlorhydric atiid and alcohol, there will neoes- gest the preeipifate at the ordinaiy tcniperr- 
sarily be some free chlorhydrlc aeid in tlie ture in an aqueous solution of pure blearboii- 
liguid; the filtrate must, thereibre, be treated ate of sodium tor a couple of days. Colieet 
with sulphuric acid, as a matter of course, the carbonate of lead upon a filter, wash thi;; 
But on the other hand, according to H. EtBe, carbonate thoroughly, and estimate chloriiu' 
it is not advisable to add sulphuric aeid inime- in the filtrate as Chloride of Sllcer. Since 
diately after the reduction of the chromate, the Carbonate of Lead contains souie alkali, it 
with the view of determiniuf^ the whole ot' the cannot be weighed direetly. It must be dif- 
lead as sulphate, all at once. The method is solved in acid, and the lead repretipitatcd in 
not often employed, though there are some some appropriate way, ^ According to War- 
cases in which ft may be resorted to. (Com- ren {Proc. Amej-ican Acad., 1866, 7. 88) it is 
pare Zeilsch. an&lyt. Uhem., 1866, 5. 227). a very dlfficnlt matter to decomjiose chloride 

Principle III. Insolubility in ammonia of lead, which has been over heateil or eoii- 

water. verted to the state of oxyebloiide. witli a solu- 

Apptication. Separation of Pb from Ag. tion of bicarbonato of sodium. Even after 

Method. See Chloride of Silver. Melt the treatment for more than two weeks, using fi^sh 

residual insoluble basic chloride oi' lead with portions of the bicarbonate, and occasionally 

cyanide of potassium, in oilier to obtain the agitalinp; the mixture, a port of the chloride ut 

amount of metallic LeatL lead still remained nnducoinposed. 

Principle 1 V. Solubility in an aqueous Properties. The precipitate occurs either in 

solution of nitrate of ammonium. the form of small glistening needles, or as a 

Application, Separation of sniaC quantities white powder unalterable in the air. One 

of lead from a large excess of silver, as in the part of it Is soluble in 135 parts of water ai 

analysis of coin. the ordinary temperature, and in much lef> 

Method. Convert the mixture of leatl and hot water. It diKolves somewhat less readily 
silver to the condition of nitrates, acidulate in water acidulated with ehlorhydrie or nitric 
the solution with nitric acid, iieat it upon a acid, but is easily soluble in strong cblorhydiic 
water bath and pour into it a solution of chlo- acid from which it is partially reprecipitated 
ride of ammonium antil no more chloride of on addition of water. It is exeeedingly spar- 
silver falls, taking care that no unnecessary ingly soluble in alcohol of 70 or 80 pur cent, 
excess of the chloride of ammonium is added, and is insoluble in absolute alcohol. It fnsps 
The chloride of silver is thus precipitated in at a temperature below redness without de- 
presence of a lai^ excess of nitrate of ammo- composition, but at higher temperatures vol- 
nium, in which tlie lead remains dL^solved, atiiizes slowly. In contact with air it suflers 
since chloride of lead is readily soluble in such partial decomposition at high temperatuie ,' 
a solution. Tlie chloride of silver is collected some chlorine escaping and a mixture of oxi*ie 
upon a fitter, and washed with hot water, the and chloride of lead being leil. Its compofi- 
lumps of chloride of alver being broken down tion is 

as much as possible with a glass rod. The ^ ^ ' ' ' 't^' 

filtrate and wash water is evaporated iu a por- ' — ' * ' — — 

celaio dish to the consistence of athin syi-up, ^. , . . , i"-j.i ■ """" 

and then transferred to a flask of hard Ger- Chloride Of Lithium. 

man glass, in which tlie evaporation is con- Principle. Solubdity in a unstiire of alt..- 

tinued until the nitrate of qnimoniuin is 1">1 »nd ether. 

entirely destroyed. This operation requires Applxattona. Separation of Li from ha 

care iu the application of the heat, lest violent »"d K. 

decomposition of tiie nitrate oi" ammonium Method. Weigh out a quantity of tile 

ensue, and portions of the substance be thrown powdered mixed chlorides, dried at 120°, 

out ol" the flask. Wasli the residue out of the "ilo » Aask jirovided with a cork or stopper ; 

flask into a porcelain dish, using at last a httie pour into the flask a quantity of a mixture id 

nitric acid to remove the particles which ad- equal volumes of absolute alcohol and etiier, 

here to the glass. Add a slight excess of pure close the flask and let the mixture stand for 

sulphuric acid, and estimate the lead as Sul- » number of houi-s (24 at least) shaking it 

phate of Lead. The process gives satisfactoiy occasdonally. The chloride of lithium dis- 

i-esults. The presence of a small amount of solves while the chlorides of potassium and 

copper, and of traces of silver dissolved hy sodium remain insoluble. Decant the mix- 

tho nitrate of ammouium does no harm. Gold ture into a filter, wash the residue wilh tijc 

is got rid of aa explained under Sulphate of mixture ol' alcohol and ether, and weigh it. 
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Iba ' CHLOitlDE OF MAGNESIUM. 

Evaporate the filtrate to dryness in a tared The combustion tube is then placed in posi- 
dish, convert tlie residue into Sulpbawj of tion, in an oil bath, as if it were a U-tub«, 
Lithium and weigh, or estimate the lithium and an aspirator and tell-tale bottle are at- 
from the loa?, Pire alcohol cannot be ueed tached to itsanterior end. Before the attaeli- 
ihetead of the mixture of alcohol and etht>r ment of the aspirator, a chlorhydric acid solu- 
Einee chloride of potassium is not'inaoluble tion of the substance to be analyzed is poured 
in alcohol as it is in the oiixture. As re- into the combustioii tube, care being taken 
gards the separation of lithium fi'om potas- that a free channel is loft above the liquid for 
slum, the process is less accurate than that the passage of !ur. — A slow stream of air 
depending upon the insolubility of Chloroplat- is drawn through the tube by means of the 
inate of Potassium, It is apt to give too aspirator, and tlie oil bath is heated to 100° 
much lithinm, since neither of the alkahne at first anil ailerwards to 300°. At first the 
chlorides ai« absolutely insolublti in die mixed air takes up aqueous vapor and chlorhydrlo 
alcohol and ether. A higher degree of aiicu- acid but aftBrwards free chlorine. After the 
racy may be obtained if the chloride of lith- lapse of several hours the oil bath should be 
inm, left on evaporating the filtrate, be treated removed and a gas flame substituted for it. 
a second time with a mixtui-e of alcohol and At^er long continued ignition, all but a faint 
ether to which a drop of chlorliydrie acid trate of ftie chloride of magnesium will be 
has been added. The residue thus obtained is decomposed while the chloride of calcinia 
of course added to the first residue. — The suffers no change. As soon as the decum- 
original mixture of chlorides to be analyzed position of the magnesium salt is tlius com- 
ehonld not be ignited, since in that event a plete, the contents cf the tube are repeatedly 
small quantity of caustic lifbia is formed, Ieache<l with hot water, and the filtrate after 
which, by absorption of carbonic acid, would evajioraliou is mixed with chloride ol ammo- 
form an insoluble carbonate. In case this nium and carbonate of ammonium, for the pre- 
happens a drop of chloihjdric acid must be cipitatjon of Carbonate of Calcium. In order 
added to destroy the cirbonite (Ramiuels- to I'emovo the last traces of magnesium the 
berg, Poggendorffi Annal 68 79) In case washed carbonate of calcium should be redis- 
the process is to be apphed to the analjsis of solved in chlorhydric acid and again precip- 
sulphatcs, these may be converted into clilo- itated as before. The oxide of magnesium 
rides by mixing the solution with a slight whiih remains sticking to the tube is to be 
excess of chloride of calcium adding a double ditsohed in chlorhydric acid and thrown down 
volume of alcohol to the mixture, adI wa^h with the rest as Phosphate of Magnesium and 
ing the precipitated sulphate of calcium viith Ammonium. In the opinion of its author the 
dUuted alcohol The excess of calcium em proce^a is preferable for sepai'ating small 
ployed is then removed from the filtrate by quauMties ot calcium from a lai^ quantity of 
means of oxalii ticid and the stcond filtrate magn<,sium to those which depend upon the 
is evaporated to di i ness and eareiuUj lieate 1 insolubility of Sulphate of Calcium and Oxa^ 
It is well to redifsohe the precipitated sul laee of Calcium. (Oef&nger, Zeitsch, awilt/t. 
phate of calcium in hot dilute chlorhydnt Chem 1869, 8. 467). 

acid, to evaporate th(, solution almost to dri Pimcij/k II. Decomposition of by osabc 

ness, and exhaust the residue with diluted acid. 

alcohol. The traces ot alkaline chlorides thus AppUcation. Separation of Mg from K and 

obtained are adde 1 to the ret It is to be Na. 

remarked that suljihatf, of lithium cannot be Method. Add to the solution of the mixed 
completely changed to the chloride by leni- ehloi'ides enough oxalic acid to convert all the 
tion with chloride of ammonium iike the other metals present, viewed as potassium, into 
alkaline sulpliates. (H. Rose). quadroxBlat«, Add more wai«rlf need be to. 
,Properties, Chloride of lithium deliquesces ensure complete eolation, evaporate to dryness 
so easily in the air that it is veiy difiicult to in a platinum capsule and ignite. Buring the 
weigh it accurately. It cannot be ignited ow- evaporation the alkaline chlorides are par- 
ing to its Tolatihty and to its tendency to de- tially, and the chloride of magnesium coin- 
compose when moisture is present. pletely converted into oxalates, and by the 
Chloride of Magnesium. final ignition the oxalate of magnesium is 
" 'tciple I. Decomposition of by hot oxy- , changed to magnesia, and the small quanlity 



gen 



)xalates of the alkali metals to carbonates. 



AppKcaHon. Separation of Mg from Ca, Treat the residue with repeated small porti 

especially when the Ibrmer is largely in excess of boiling water, collect tile Oxide of Magne- 

of^the latter. sium on a filter, and iu case the filtrate is at 

Method. A combustion tube is bent up- all turbid, evaporate it to dryness and again 

wards at both ends, and at one end (the pos- filter to separate any magnesia whieli may 

terior) is again bent outwards and drawn out have been deposited. Finally add cldorhy- 

so that it can be attachferl to a chloride of cal- dric acid to the filtrate and estimate the idlia- 

cium tube and a set of Liebig's potash bulbs, -iies as chlorides. See Chloride of Potassium. 
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CHLORIDE OF MATJGANESE. i-"" 

Chloride of Manganese. amount used, it will be «*n how moeh was 

Frmcipte. Fixitj wlieii heated m an atinos- consumed in precipitating the uierturous palt, 

phere of hydrt^n. and the amount of the' la tier may then.be 

Applicatiomt. Separation of Mn from Co ri^Bdily calculated. — The procees yields 

and N'l. accurate resulte, though from tlie need of filter- 

MeOiod. See Cobalt, and Chloride of Co- ing at.d washing it hns no jn^at advantage 

bait. The turbid solution of chloride of man- over the. gravimetric method. It is well, soine- 

ganese, decanted from the reduced cobalt (or times, to weijrh the precipitated dichloride, 

nickel) is acidulated with c-hlorhydne atid, and to titrate the excess of chloride of sodium 

and concentrated somewhat by evaporation, also, for the sake of control. 

after which the manganese is precipitated as Method C. Precipitate dichloride of mer- 

Carbonate of Manganese. eu^y in a glass stoppered bottle. (Coujpare 

(JiChlor)de of Mercury. (Calomel). Method A., gravimetric, above). Letthepre- 

[ Coin pare Mercui-ie ^iompounds]. eipitate settle; collect it on a filter without 

Principle I. Insolubility m water, and fixity heeding the particles wWch adhere to the sides 

at 100,° _ of the bottle, and wash it as well as the bottle. 

Applicalkmii. Estimation of mercury in Then push a glass rod through the apex of the 

mercurous salts. Separation of Hg from Pb, filter, and rinse the precipitate back into the 

Cd, Cu. Estimation of free chlorine. (Method bottle. Pour into the bottle a sufflcicnt quun- 

D). tity of a solution of iodide of potfiFsiuni, to- 

Methods: — Graeimeb-ic. gether with a measured quantity of a standard 

MetUd A. Mix the cold, highly dilute so- Iodine solution, put in (he stopper and shake 

lution with chlorhydric acid or with a solution the bottle untii the pi-c<ri]iitate has all •"«% 

of chloride of sodium as long as any precipi- sol\ed. , ,. , , . , c 

tate forms. Let the mixture settle; collect the For every gramme of dichlorvl« ot mercury 

precipitated dichloride of meri'ury upon a about 2.5 grmg. of iodide ot potiissiuni and 

weighed filter, drv at 100° and weiith. The 100 c. c. of one-tenth normal iodine solution 

results are accurate. In case the substance to maybe taken. Since an excess of lodme is 

be analyzed is a solid, insoluble in water, it used, the solution will be colored bmwu. Jia- 

may either be treated directly with dilute tjmate the exces^a of Iodine by means ot hypo- 

chlorhydrio acid in the cold, or it may be dis- sulphite of sodium. (Heiniwl, Annakn them. 

solved in highly dilute nitric acid, and the «nrf PAoiw., 110. ITS). 

solution mixfd with a lai'ge quantity of water. Method D. To estimate free chlorine in 

after most of the acid has been neutralized chlorine water, put a weiglied quantity of me- 

■with carbonate of sodium, before proceeding tallio mercury in the liquid jind leave the mix- 

with the pi-eeipitaijon. Care mu^t be taken ture for a long time, unljl the odor of the uhlo- 

not to change any of the mereurous salt to the rine has wholly disappeared. The mercury 

condition of a mercuric salt. If lead be pres- must be in excess irom fir->t to last Collect 

ent, the precipitate must be washed with spe- upon a weighed filter the dichloride of moiturj 

cial care with wafer of 60° or 70° until the which is formed, together with the excess of 

washings are no longer colored on addition of metallic mercury, dry at a temperature below 

sulphuretted hydrogen. 100° and weigh. 'iTie mcri.ase in wtight of 

Vohimfirii- »li« mercury gives the weight of chlormi, in 

,r ^ , u r^ D--im.,i 1 thellquid. AsmaliproporllonoftbemeKiury 

Method B. [Compare Pnnciple III, below], j^ ,iab\e to be lost bv volatilii'ation e> en when 

Pour from a burette a standard solution (one- temperature is"k6pt b.low 100°, so that 

nth normal) of chloride of sod,um_ into the , *■ j^ ^^^^er less ac-cuiate than the 



the process is rather 



cold solution of the mereurous saJt acidulated ^^^rra^drngVe^od, depuidiiig on tFe msol- 

with nitric acHi, untd a precipitate is no longer ^^iu^ *■„(■ (.^(j^de of Silvei (K Eose) 

produced, and a slijiht excess of the. chloride ,,,,,, i, . j . * „ ,i,i^ 

of sodimn has been^a^lded. It is easy to de- . For ticbuke's method of estm,«t ng chb- 

termine when an excess of the chloride of so- ""« ^ <^™'« compounds, sec pTOtUxide ot 

dium is present, though from the fact that, Mercury. 

unlike chloride of silver, the precipitate does Principle II. Volatility when strongly 

not ball or become granular, it would be well- healed. 

nigh impossible to st«p at the precise moment Applicafiom. Separation of mercury from 

when pi-ecipitation ceases. Collect the precip- several of the lighter metals, ""'i *'-^"' *■*"• 

itated dichloride upon a filter; wash the precip- metals of the alkalier ""'"'" 

itate thoroughly taki ^ care not U> use any earths. 

more wafei- than is absolutely nete larj and Metlwd. The substance to be analyzed is 

determine how n cl cl Ion le of sod um has either ignited m a crucible and the mercury 

gone into the filtrate bj prec p tat ng the chio- estimated from the loss, or it is heated in a 

rine as Chloride of '-i Ivcr w tl i stand rd combustion tube drawn out and curved in front 

silver solution. B ub r t n^r tl e exc of so as to dip into a beaker of water, by which 

chloride of sodiu th foun I ho i the total the chloride is retained. 
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i.34 DIUHLOIUDE OF MERCURY. 

Principle III. Convei'sion of to mercuric means of a pipette, 100 volumes of the solu- 

chloride by diloriiie: — HgCl-|-Cl ^ HgClj. tion of the meruuroiis nitrate, corresponding 

Applieatimi. Estiiaatlon of ciilorine in chlo to 0.5 gnu. of ehloviiie. Place the liquid in a 

rine water. Valuation of bleajihing powder, beaker, dilute with water, and add am exceea 

and of binoxide of manganese. of a solution of chloride of sodium, ti^etlier 

Method A. Put a weighed quantity of di- with a small quantity of chlorhydric at-id free 

chloride of mercury iu the liquid whiuh eon- from chlorine or sulphurous acid. Cautiously 

■ ' ] free . chlorine. Shake tlie mixture ire- pour the bleaching powder liquor from a bur- 



quentty, until the odor of the chlorine has com- vtte into the mixture iji the beaker, until the 

pleteiy disappeared. Then collect upon a liquid just becomes clear. The mixture must 

weighed filter the dichloride, which still re- be stirred iuue^antly, and must be kept acid 

mains undissolved, and dry anil weigh it. Tlie from first to last Read off the number of c, c, 

difference between this last weiglit aijd the of bluachiiig powder liquor used, and proceed 

weight of dichloride originally taken, gives to calculate the amomi^ of chlorine contained 

the amount which has been dlssolvi'd, and in them, from thti known value of tlie mercu- 

eaeh equivalent of the dichloride tlius lost cor- rous solution used. 

responds to an atom of chlorine iu the liquid. Melltoii C. To determine the value of bin- 

Conaidevable time is required for tiie complete oxide of manganese, and of oihtr high oxygen 

removal by tlie dichloride of chlorine from its compounds, place' a weighed quantity of the 

solution. oxide, together with some strong chlorhydric 

Method B. One of the earliest methods of a<:id iu a flask, fitted with a perforated cork 

Chlorimetry depends upDii the principle now carrying a delivery tube bent at two right an- 

in question. As applied by Baliand (Jount. gles. Cet the outer long limb of the delivery 

de Pharm., liSS, 24- lOS), a solution of mer- tube reach into another flask containing water, 

curia nitrate is poured into tlie solution of in which a weighed quantity of vei'y finely 

bleaching powder, until a precipitate persists powdered dichloride of mercury has been sus- 

even on agitation. But the proce^ is not pendcd. Warm the mixture of oxide and 

accurate. Marezeau (Pogg, Ann., 32. 273), acid, as occasion may require, so that an ex~ 

on the other hand, poured a mixture of water ceedingly slow development of chlorine shall 

and a weighed quantity of fie bleaching^ pow- occur, taking care, meanwhile, to shake the 

der to be tested, into a liquid holding in sub- absorption nask frequently, to prevent tlie 

pension a known quantity of dichloride of dichloride of mercury from becoming impacted 

mercury, until the latter was all dissolved and at the bottom of flic flask. For each atom of 

the liquid had become perfectly clear. The chlorine absorbed, one equivalent of the di- 

neceasary solutions were prepared as follows:-- chloride goes into solution. At the end, boil 

Weigh out 5 gnus, of pure, diy chloride of the liquid in tie flask which contained the 

sodium, dissolve in water and dilute to the luangaueae, in order to sweep forward lie last 

volume of 400 c. o. Measure off in a pipette traces oi" ehloriue. Then collect upon a 

50 c. c. of a solution of mercuroua nitrate, or weighed filter the dichloride of mercury which 

more or less, aucording Ut the dtgree of concen- rcmmns undissolved, and wash, dry and wdgh 

tratJon of the liquor, place the solution in an it. Subtract tlie weight thus found from tlie 

eight ounce glass-stoppered bottle, and dilute weight of dichloride taken, and from the dif- 

to the volume of about 5 ounces. Slowly fcrence reckon the corresponding quantity of 

Eour the chloride of sodium solution from a binoxide. It is to be observed tliat the ab- 

urette into tlio bottle, until the last drop sorption of chlorine by tlie suspended dichlo- 

ceases to pi'oiluce a precipitate. During tins ride is slow, much slower lian in the corre- 

operation keep lie bottle in hot waf^, and sponding process, where the Chlorine is made 

shake it alter each aiidicion of the chloride of to act on sulphurous acid, hence care must be 

sodium, to pramote the settling of the precipi- exercised to prevent tie escape of any of the 

tate. In case too much chloride of sodium chlorine. 

happens to be a<lded at first, add a few more . Properties. The precipitafiid dichloride is a 

c. e. of the mercurous solution, and again add heavy white powder almost absolutely insolu- 

chlot-ide of sodium. Itead off how much chlo- ble in cold water. It is slowly decomposed by 

ride of sodium has Iwen used, and calculate boiling water. It does not (lissolve at the or- 

therefrom how much mercury is contained in dinary temperatui'c in water acidulated with 

each c, c. of tie mcrourous solulJon. Then chlorhydric acid; at a higher temperature 

dilute a quantity of tlie latter to such an es- some of it dissolves, and on boiling witli access 

tent that eacli is. c, of the diluted liquid shall of air the whole of the dichloride is gradually 

correspond either to 0.01 grm. of clilorind, at converted into soluble protochloride. Boiling 

toO.OO-^grm. concentrated chlorhydric acid decomposes it 

For die actual analysis, grind up 5 grms. of rather rapidly into metallic mercury and proto- 

bleaching powder with water, to a definite chloride. Boiling nitrie acid decomposes and 

volume of milky solution, in the usual way dissolves it. CbJorino water and aqua regia 

(see under Arsenious Acid). Measure out, by convert it into soluble protochloride even in 
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OF MEBCUEY. lOO 

the cold. Solutions of the nlkBliiie chlorides . with the mercury, the apparatus may be sim- 

decompose it slightly in the coid, and to a eon- plified as follows ; — Placo a weighed quantity 

siderablu irxteiit when hiiated. ot' the mixed sulphides cHrclully dried at 100°, 

The difWoride is peniiarit'nt in the air and in a, porcelain boat, place tlio boat in a, wide 

may be dried at 100° witliout loss. It volatil- glass tube and heat it in a current of chlorine 

izes without previous fusion at a teuipei'ature until all tlie sulphur and mercury have been 

below redness. Its eompoaition is:— - expelled. From the weight of the residual 

sm 8(98 chloride, calculate how much of tlie eorrea- 

cF Si.! *. ■ '. VS.IW ponding sulphide was contained in the matter 

^j ,^ analyzwl, and in the entire precipitafe. The 

difference between Ihe latter quanlity and the 

pivroChloride of Mercury, (Corro- weight of tJie precipitate is sulphide of moi-- 

eive sublimate). [Coinpare Mercuric Com- cun'. 

pounds.] SleOiod B. To analyze the double eora- 

Principle I. Volatility. poiinde ll^rmed by the union of murciiric chlo- 

ApplicationB. Separation of Hg from Pb, ride with other metallic chlorides — the so 

Cu, Ag, and, in general, from al! metals wliich called cbloi-omercui'ates — v. lionsdoifl' {Pog- . 

n-volafde chlorides (Method A). gei>do)£'K Annaten, 11, 116) proceeds a ■" 



Analysis of chloro-mereurates (Metliod B). lows; — Select a glass tibe about 0.5 inch in 

Separation of Mg from alkali metals and from diameter, close it at one eud and blow out that 

chlorine (Method C^. end int« the form of a little flHsk; at a point 

Method A. Precipitate the mixed solution several inches above tliis flai-k blow a aniaJl 

with sulphuretted hydrogen (see Sulphide of bulb, or rather an enlaweinent of tlie tube ; 

Mercury, etc.), collect the precipit.-^te upon a above this protuberance uraw out the tube so 

weigheil filter, dry at 100° and weigh. Intro- that its diameter may be about 0.25 inch; 

duce a wdghed portion ot the precipitate into there cut it off, and amootli th'j edges. The 

a wwghed bulb tube of hard glass, or into a length of the finished apparatus should be 

porcclwn boat, which is aiiterwaiils placed in about G inches. Weigh tlie dried apparatus, 

a piece of hard combustion tubing; pass a put a quantity of tke subi^tance to be Htiaty2i:d 

slow current of dry chlorine through the tube, in the bottoni of the flask, again weigh, and 

and heat the mixed sulphides in the boat or close the end of the tube partially by meaus of 

bulb, at first gently, but afterwards to feint a loosely fitting corl:. dlaiiip the appai-atus 

redness. A couple of small flasks chai^d in a nearly horizontal position, and warm the 

viitix water should be attached to the bulb tube flask gently with a lamp. The water of erys- 

to receive the volatile mattera which are ex- tallization m ttie compound will be fimt driven 

pelled from it, and Ihe tube should be bent so off, and will collect in the protuberance on the 

as to project into the first flask. The chloride neck of the tlask. , It may be removed with 

of sulphur which is formed distils over com- slips at filter paper or expelled by heating it 

pletely into the flasks, but a part of the ehlo- very gently, in which event no residue, or 

ride of mercury b apt to condense in the a scarcely peiveptible residue of mercuric chlo- 

colder part of the tube. In that event, cut ride will'be left upon the under side of the 

off the soiled portion of the bulb tube, and bulb. After the first instalment of water has 

wash out the chloride from it into the flask, been thus removed replace the cork and again 

Or, if a porcelain boat has been useil, with- heat the contents of the flask gently, to be 

draw tlie boat feoai tlie combustion tube and - sure that all tlie water is expelled, tliuu allow 

wash out the latter. The piece of bulb tube tlie apparatus to cool, and weigh it. The loss 

which has been cut off is dried and weighed of weight represents the water of crj-j^talliza- 

together with the rest of the bulb tube and its tion in tlie substance. Again heat the flask, 

contents. If the residue contains only a single loosely corked an before, until Ibe whole of the 

metal, the weight of the latter can be caltu- mercuric chloride is driven into the neck of 

lated at once Irom the weight of its chloride, tlie flask near tlje bulb, then cut the apparatus 

but if there are sevei'al metals present the in two at a pmnt below the sublimate, and 

chlondes must be reduced in a stream of hy- weigh each portion, first with its contents, anl 

drogcn, and tJie metallic residue thus obtained afterwards without them. Since the mereuric 

dissolved in nitric acid as a preliminary to chloiide might be contaminated with a few 

their separation by appropriate processes, milligi-arames of water, it hiid better be left to 

The solution of chloride of mercury is nii.ted dry ovor sulphuric acid before weighing it. 
with some chloride of ammonium, heated to In case the chloride left in tlie flask, is of 

expel chlorine, then filtereji to separate the such character that it can be heated in the air 

sulphur and subjected to analysis. See di- without change, the flask hjii better be ignited 

Chloride of Mercury or Sulphide of Mercury, afler the fir t weighing, and pg^n weighed to 

Compare Chloride of Sulphur. The pi-oeess make sure that all the mereui'iu chloride has 

yields accurate results. ^ If it be deemed been expelled. When carefully conducted the 

sufficient to estimate the mercury by the loss, process yields good results. There is scarcely 

as maybe done in case oulyone metal is mixed any risk of losing chloride of mercury during 
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CHLORJDK OP NICKEL. 



of the niixu^i uliloriilos in a, crucible, evaporate 
the solutiun tu dtyneaa, and in case an} chlo- 
ride of aiiinionlum be present ignite the resi 
due. The Buhstance to be analyzed must 
contain no nula other than chlorliydric JAts. 
the residue with a little warm water, anil bIjt 
into the mLxturea quantity of pure elotnated 
oxide of mercury — about three tjiaua a^ much 
as tliui'e is of the mixed chlorides Again 
evaiMirate to thorough drynesi upou a witei 
bath, with frequent stirring; Iheu cofiit the 
crucible and heat it to redness iji)til ^11 the 
chloriiic ofniBiturj, which Las beeu filmed by 
the ducoLuiiositiun of the chloride of niagne 
sium, is expelled. 'In the case of sapirating 
magnesium fiom chlorine the ignition mi(Bt be 
euntinuud uutil tlie excess of oxide of mercury 
employed hue all been expelled ; but in scparat 
ing magnesium frum the alkalies it is ^ough to 
drive off the chloride of mercury by heat, and 
to sepai'ate the oxide of mercury, together 
with, the oxide of niagnesiifut, by filtration 
from the undticomposed alkaline ehlondei In 
that case it will finally be exfielled when the 
Oxide of Magnesium comes to be (gniteil 

The methgd is eunvenient and yields aatuv 
fectory results. Care must be taken to add 
only a little more than enough axuifi of mer 
cury to decompose the chloride of magnesium 
and to avoid inhaling the fumes of corrosiTe 
Buhliniate which are given ojf dnriftg the igjiir 
tion. 'the alkalijie chlorides obtained should 
the tested tbr magnesium;;! trace of )t wjll 
usually be found in theui. (Berzeljii= in his 
JaArelheiicht der Ckemie, [842,31. 142) 

Principle II. Oxidizing power. See BJei 
curie Compounds. 

Chloride of NIcke). 

Prmciiile I. Fixity when liMteJ. 
Applicafhiix. Sepai'ationof i'i fvom A% ^b, 
Bi, Ug and Sn. 

Methdil. See the Chlorides 6f tlie njetils 
' above enumerated. 

Principle II. Coloriftc power, 
AppUciiioa. Estimation of nickel, 
Melhcul. See Colorimetry, A. Muellei's 
process, and Zeilsch. antUyt, Chem,, 18B6, 5 
426. instead of a glass plate of a color com 
plementary to that of the ijickej solijtioij, 
Winkler uses a solution of cobalt. 

Prinvipls III, Bedijcihility by Iiydro^i-n 
Applieuiions. Separation of Hi Iroiii JJa, 
Sr, Ca aud Mii. 

AlelhiMi. Sec Nickel, fixity of 

Chloride Qf Phosphorus. 

Principle. Volatility. 

Application, ijstiiiiation of phospljo is in 
phosphide of iron. 

Method. Heat a glass tube at about ■JO t m 
from iM anterior end in such manner thit 
ai>out 15 c. m. of tha tube sh^l be m-tde nti 



rower Bend the nirrowed portion downward 
and then a^n n hoimntal, in a plane parallel 
to that otcupid bj the rest of the tube. 
Fwalb dtiw out to a point and turn upwards 
the agttrior end of tlio tube, leaving 10 c. m. 
or w ol the tube horizontal and of the origi- 
nal djiiiuft)' This anterior horizontal space 
S(,iie^ H« 1 rLstrvou ior a few c. c. of water, as 
wjll be diiictly explained — Into the long, 
jpostenor w(du portion of (he tube push an 
asbectos plu^, thEn a layer of 12 or 15 c. m. of 
iu>nr lIv powdtred chloiide of potassium, then 
3. stcuiiil •mall loo°e plug of asbestos, aud 
place the tube upon a wire gauze support. 
Behind the -eeond asbestos plug place a porce- 
lain biut ijiargtd i\jlii lumps of the plioiphide 
of iron to be amlj^ed then a thu'd plug of 
atibestos and close the tube with a pertbi-ated 
coikcanjiug a short delivery tube. Charge 
tlie antt,iior hoiizontil part of the tube with 
water as aboie indie it«d, and by means of a 
caoutchouc connector attath to that end of the 
tube inother ttibe charged witL moistened bits 
(rf porceldfn ihe purpose of the water and 
inoist porp^Tin is to retiin chloride of phos- 
phoruB, tJial of the chloride of potassium is to 
retain cjjloride oi iron and to desta'oy a com- 
pound ot ^he chlorides of iron and phosphorus. 
Heat the. chloude cS potasaium with a lamp 
and paw a curicnt ot dry air thi-oiigh the tube 
to rcmoie all tiaces oi inoisture. Tlien pass 
to a stream of chlorine gas, and as soon as all 
the air has beiu expelled from tlie tube, heat 
thu poicelaip Jioatwitji a second lamp. Ln- 
itiediattl) a red hquld will b^u to condense 
in tlie tube and to diffuse itself among the 
luiij.ps of cjiloride of potassium. The Tatter 
niu^t onl} he heated in tbe neighborhood of 
die boat and po more strongly than wdl suf- 
fice to melt the dou)^ salt of chloride ot po- 
tassium and ct)lor}de oi iron ivbifh is toiiued, 
and thtw prevent ^ tube Irom becoming 
stopnid Towards t^e close of the operation 
the heat maj be increased, but never to dull 
redness Mjne it tfeat teiuperaturn chloride of 
pjiosphoias would be decomposed hy the oxy- 
gen [ii the eihcic acid ot the glass with forma- 
tion of pliospitoni. acid All the cbloi'ide of 
phosphioruii IS ditven forward by inean* of a 
gentle heat into tjje anterior reservoir of water, 
and the opeiatit^ is considered to bfj fin{stuHi 
whi!n no more sublimate can be seen. The 
re«enoir tubf! is finallv de^achftd by cutting 
till, narrowed part of the tube, tlien emptied into 
a porttliun did) and washed out with water, 
fhe tubf c}iirired with bits of porcelain is also 
washed out nt" the same porcelain dish. Ni- 
tric acjd !« idil«d to the liquid, and tlia mijf- 
tuie IS evaporated The cblorhydric acid 
deconjposes without efler%escence,as the liquor 
beeonic> concentrated, and^^he phosphoric 
acid 16 fimllv determined as Phosphate of 
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t in slight excess. To this end a aelf-regu- Principle. Fiaity at moJerately high tem- 



shuuld be employeil. AtBlltalo hotlle (thar^eil AjipticcU. . 

with water, and plaeed butiji-e the tube whicli the hydrate, ™lpliHt«. chromate, chiorale 
contains the Wts of porcelain will indicate the (which see), sUicatB and Bulphido ol that 
rate of flow of tl.e chlorine. (SchJoesing, metal, aa well as in the potnwium salM ot weak 
Zeiiiich. analyt. C&em., ises,7. iJi). volatile acids, — such as carbonic a««l »"" 
^iChlorlde of Platinum. various organic acids. Separabonof K Irom 
Pri.ifiple I. Colorific power. See Color- Ka, both direct and indirect. Latnnatiou ot 
imet-ry, A. Miiller'sproeeBs, and2^«!(scA.«Biai!^. chlorine in organic eompounils. ^ ^ 
Clfm., 1864,8.407. Method. Evaporate tlie clear solution m a 
Priiicple n. Power of precipitating potas- platinum dish almost to dryness, then transler 
siitm and ammonium. See the Chloi-oplati- the liquor to a platinum crucible, taking care 
nates of these metals. to use as little water as possible in washing the 
To prepare bichloride of platinum for use as dish, and evaporate to diyneas upon a water 
a reagent, cut up a quantity of worn out foil bath. Transfer tlie crucible ftoio the water . 
or wire into very small pieces, boil (hem for bath t« the middle of a small iron pot, lit to 
some time in a poreel^n dish with nitric acid serve as an air bath, mid heat the pot to sucti 
alone, to remove impurities, then decant the an extent that the chloride ol potassium may 
nitric acid and boil the metal with repeated be exposed to a temperature somewiiat higher 
siiiall portions of aiiua regia until it has all, or tlian that of boiling water. Alter some time 
nearly all, dissolved. Decant each portion of transfer the crucible to a nna-stand and heat 
the aqua regia, aiter it has acted upon the it almost, but not quite, to , dull redness, by 
platinum ibr some little tJme, into another means of a lamp, and weigh. Ihe crucible 
porcelain dish and evaiiorate the mixed solu- should be kept covered during the ignition, 
tionsalraosttodrvness upon awaterbath,then and the temperature carefully regulated, so 
add some chlorhjriric acid and again evaporate that none of the chloride shall be est through 
until no odor of chlorine or of chlorhvdrie volatiliaalion. By heating the salt in an air 
acid CiUi be perceived. On allowing the dish ' bath, as above described, hetbre the final igni- 
te cool the chloride will solidity tn & crystal- tion, the last traces of water are expelled, and 
line mass, which should be dissolved in a not allchaaceof loss through decrepitation avoided, 
too laige quantity of water, and the solution When carefully executed the process yields 
kept ibr use. It is well to know approximately very accurate results. — Instead of weigh- 
how strong the solution is, and to label in that ing the chloride, the chlorine contained in it 
sense the botthj which contains it. A good may be determined by titration as Chloride ot 
8trfiU!th is 0.5 gmi. of platinum to each c. c. of Silvei-. This method saves time where many 
solution. It is important that the evaporation estimations have to be made, but is oi_ no ad- 
bo made upon a water bath lest some of the vantage in the case of a .single determination, 
salt sutfer decomposition and jjrotochloride of The presence of free acid^ in_ the original 
pi iitinum be formed. The i-olutlon when evap- solution does no harm. It is, in '^^' 
orated to dryness upon ft water bath should necessary to evaporate the conipomid I 

leave a residue completely soluble in ordinary analyzed with an "" "'' -•'''"■'■viirx' 

alcohol. According to iUise, it is best to oper- in order to expel ei 

ate ill poi-celain vessels and to avoid gkss, in of nitrate ot potai 

order tliat as little alkali as possible may be be repeated with 5 o. 

disHolved out to contauilnatt the platinum so- bydric acid till the w 

luMon, nde remains constii.... ■ ■ + i^. 

A still better way is to bring die platinum fi^ithing when cavbonHte of potassium is to aa 

in the fir.U pUice into the eonilition of powder, converted into chloride— as in Uie anaJysis ot 

BO tine That it can be i-ea<lilv dissolved bv atiua residues obtained by igniting tlie potasFium 

rciii. To this end fuse 5 parts of metallic salts of nonvolatile oi^anic acids— it !s best to 

ziiii! in a clay crucible, and little by little treat the cai'bonate with a solution ol chionde 

throw into the melted metal 1 part of plati- of ammonium instead of chlorhydnc aeid, and 

iium scraps. Stir tiie alloy with a pipe stein to evaporate tiie mixture to dryness and ignite 

plu'.'ed with .dry cbv, and pour it into water, the residue. A slight excess of chloraie ot 

Tn^at the drops ot' aUoy with cldorhydvic ammonium should bo us<.'d, and the niisture 

acid somewhat diluted, until there is no longer had better be evaporated and 'gint*?! in a tol- 

anv etfervescence, then boil lor a time with erabiy laree dish to expel the chloride ol ani- 

fri'sh chlorhydric acid to remove the last traces monium before transferring the clilonde oJ 

of zinc, wash with water, boll with nitric acid, potassium ta the crucible. By heating the 

agtiiii wash, and finally disuolve in aqua regia, dish moderately at first, and atterwards almost 

added ail at once, and evaporate the solution to redness, the chloride of ammonium can all 

as above. , be expelled without loss of any of the potns- 

ChlOride of Potassium. [Com- slum salt, for the ammomum Eslt ehanpts 

pare Chloride of SodiumJ. at onc« from the solid to the gaseous state 
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loo CHLORIDE OF POTASSIUM. 

witbont becoming liquid, and so long ri8 there filtration, and proceed as above. A. Mitscher- 
ig any chloride ot aimuoiiiuiu U'ft to evajiorate, Huh (Journ. prtikt. Chein., S3. 459^ has shown 
none of the uhloriile of puta^sium can voiatil- that no loss uf tlie alkaline i^hlomle is aeca' 
ize. WheueviT thloriile ol' aiiiiuoiiiuin has to sioned by the escape of chloviile of ammonium, 
be expelled in this way. tliu I'eiiiduu should be not even when 20 pai-ts of the latter are ig- 
takeii up in the least possible ([uantity of wa- nited with one of llie former, 
ter and filtered, in order to Bejiarate particles When a mixture of chloride of jpotassium 
of dirt aiid carbon, which almost always pre- and oxalate of amtuonium is iirniled to axnei 
sent themselves, — In no event should any the latter, an appreciable quantity of tlic chlo- 
chloride of ammonium be allowed to get into ride ol' potassiuni is decoiiiposed with evolu- 
the -platiDuin crucible widi the solulioii of tion of chlorhyilric acid, and more or lees 
chloride of potassium, for it would inevitably carbonate of potaBsium is left mixed with the 
cause loM of the latter by creeping over the residual clilqride. If free oxijie acid be ig- 
rim. Even when the quantity of chloride of nited wiLh chloride of potassium, a stiil more 
ammonium in the solutwn is very small it must considerable quanlit)' of the carbonate will be 
be expelled by ignition in a dish before tlie formed. It is even iiofsible to change the 
potassium saJtcan be safely transferred to the whole of the chloride oi' potassium into car- 
crucible. It is to bo observed that ehloride bonate by igniting with oxalic acid. But the 
of ammonium can be more easily driven off carbonate of potassium thus fbnncd can readily 
from chloride of potassium than sulphate ol hedestroyed, alter it has been formed, by means 
ammonium from sulphate of potassium. For of chloride of ammonium, a^s above described; 
the conversbn of sulphate of potassium to the and if chloride of ammonium be added \o tlie 
state of chloride by means of chloride of am- original solution of oxalic acid and chloride of 
monium, see Sulphate of Potassium; for its potassium, before evaporating it, the decompo- 
convernion by means of baryta water see Sul- sition of tlie latter iimy be prevented, 
phate of Barium, and for its conversion by Principle H. Insolubility in absolute al- 
means of chloride of strontium see Sulphate cohol. 

I» tlie preiimmari/ steps to the separation of Application. Separation of K from Li. 

potassium and sodium, both by the direct Method. See Chloride of Litliium, 

method (see Chloroplatinate of Potassium) and Principle III. Power of absorbing heat 

the indirect method (see Chloride of Silver), while dissolving in water. 

the process is conducted precisely as above Application. Estimation of chloride of so- 
described, i. e., as if notliii^ but chloride of dium in impure chloride of potassium. Rough 
potassium were present It is important, how- valuation of potashes and pearlash. 
ever, to remember that the mixed clilorides Method. It is a matter of experience that 
ought never to be weighed until their purity has chloride of potassium in the act ot dissolving in 
been proved by dissolving Uiem in water, and water cools the liquid fiir more than a fimilar 
testing the solution with carbonate of ammo- quantity of chlorideofsodiumcan. Thus while 
mum and ammonia. No precipitate should be so grms. of chloride of potassium- in dissolving 
produced by these reagents, and the solution in -200 grms. of water contained in a glass, 
^ouU moreover be clear before they are added, weighing 185 grms.. and capable of holding 820 
iJilter, if need be, and again evaporate. As grms. of water, will lower the temperature 
obtamed bj- L. Smith's process (see Carbonate 11.40 the same amount of chloride of sodium, 
of Calcium^ fi^jm a silicate, the chlorides are under similar circumstances, will reduce the 
peculiarly liable to leave a black residue on temperature only 1.9°. From these data, 
being treated with watw. according to Gay-Lussac (Annalee Chim. et 
■ Eslmaiion of chlorine in organic compounds, pip., [2,j 12. u and 39. 356), the reduction 
In acid organic compounds, such as chloro- of temperature produced by any mixture of 
spiroylic Mid, for example, chlorine ma;' be chloride of potassium and chloride of sodium, 
determined by dissolving the compound in an dissolved in a similar (luantity of water, may 
excess of dilute imtash lye. evaporating to be reckoned; and convcrseiv from the observa- 
dryness, and igniting the residue, by which tion of the temperature in any given case, tlie 
means the whole of the chlorine is obtained proportion of chloride of potassium in the 
as chloride of potassium. Dissolve the resi- mixture can be estimated with tolerable accu- 
due m water, and estimate the chlorine as racy. Let the quantity of ehloride of potas- 
Chlonde ot Silver. (Lcewig). gju^ in 50 grms. of the mixture be called x. 
To separate potassium (or sodium) from and that of the chloride of sodium 50 — a:. 
chromic acid mix the compound with about Hnjn the reduction of temperature effected by 
twice its wei„ht of drj powdered chloride of ^ parts of chloride of potassium will be 



Ignite the mixture carefully until mxx , ., . , ■ l tn « „„..», „f 

the whole of the ammonium salt is expelled ^^' ^"*^ *''^* produced ^y SO-r parts of 

dissoUe the chloiide oi potassium in witer chloride of sodium will be '.'^ "' . The ob- 

separite it from the ox Je of cliicnu m by spr\ed reduction of t«iii]ierature which may 
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Iw palled (, is the sum of these two quotients; 
i^oiist'ijHentlj' 

»nd the quantity x of chloride of potassitmi in 
50 pavtB of tlio mixture may be obtained by 
reduction as follows; 

, "•"» t. ii.4-i.a J = -53 — 
To avoid the trouble of caleuhiting each 
single result, Gay-Lu3sac has t-onstrueted a 
t^ibli; by mt-ana of tli« above formula, which 
gives the per cent of chloride of potassium in 
all posstblu mixtureR for each tenth of a degree 
of teinperatm-e between 1.9° and 11.4°. (See- 
the original niemoir of Gay-Lussac, or Hand- 
wesrtei-hiich der Uliemie, 1. 8U3). 

It is essential that the mixture of the chlo- 
ridtH should be finely powdered, in order that 
the salts may dissolve as rapidly as poaaible, 
and that the observations of temperature be 
made with a highly sensitive thermometer, 
marking tenths of degrees. ^ The details 
of (he process are as tollows: — Weigh out 200 
(irms. of water in a French glass flask of 185 
gtna. weight and 320 c c. capacity, jJace the 
thermometer in the water and bj-ing the ap- 
piiratus to the temperarure of 20,4°. Take 
hold of the flask by its neck, so that the 
warmth of the hand shall not influence the 
temperature of the water, ]>o«r in the 50 grms. 
of tW dry, powdered chlorides, and twist the 
flask about rapidly while dWerving the ther- 
mometer. The observation is finished when 
the i^hlorides have dissolved, and the thermom- 
eter hns sunk to tlie lowest point. The difier- 
ence between 20.4° (the or^naJ temperature) 
and the de^e to which the mercury has 
fallen, will be equal to (, as above stated. 
Since, a single espenment occupes only about 
10 minutes, the process has a certain value for 
technicHJ purposes, such as the valuation of, 
the chloride ol' potassium used in the manufac- 
ture of potash- from soda-saltpetre, and for 
making alum. 

It is to be observed that Gay-Lussac's table 
is true only for the case where th:: 60 grms. of 
mixture and 200 grms. of water are placed in 
a srhiM Hapk of the given weight amd capacity. 
With a dilTercnt sized flask a diflTerent rate of 
thermometric reduction would obtain. Instead 
of trying to fulfill all these conditions, it would 
probably be easier for each experimenter to 
trhoose a flask (or himsell' at random, and to 
determine once tor ail the reductions of tem- 
jicrature [)rodueed in it by 50 grms. of each of 
the pure chlorides when dissolved separately in 
200 grms. of water. A formula could then be 
made out at once (with the ■ new values in 
place of 11.4 and 1.9), and a new table calcu- 
iaii-d U> be used in place of the table of Gay- 
LuBsac. The temperature of 20.4° chosen by 
Gsy-Lussac as the normal, may as well be 

The process may he applied, of course, to the 



determination of sodium in carbonate of po- 
tassuim, contaminated with that substance. 
It will be necessary only to convert the mixed 
carbonates to chlorides, and then proceed as 
above. 

Similar methods are evidently applicable to 
the analysis of other mixtures of salts, which 
absorb or evolve lieat on heii^ dissolved in 
water. The chief objection to the process in 
any case is the disturbing influence which the 
presence of ot,her salts may exert upon the fall 
or ri«e of the thermometer. 

Propertien. Chloride of potasMum is readily 
soluble in water, hut niuch less soluble in dilute 
chlorhydric acid. It is almost completely in- 
soluble in absolute alcohol, and but slightly 
soluble in spirit. It is permanent in the air at 
the ordinary tempera.tui'c, fuses at a, moderate 
red heat without change, and volatilizes in 
white fumes at a higher temperature. The 
volatilization proceeds more slowly the more 
offectHally access of air is prevented (Frese- 
nius). When the aqueous solution is evapo- 
rated, a small quantity of water is obstinately 
held mcchan'cally enclosed in the seemingly 
dry residue. Great care must be exercised to 
expel this moisture before the salt is ignited, 
as has been already explained. When evapo- 
rated with an excess ot nitric acidjit is reaoOy 
and completely converted into the nitrate.' 
When evaporated repeatedly with an excess 
of oxalic acid it is converted into oxalate of 
potassium. The composition of chloride of 



Chloride of Roseo Cobalt. 

Fiincipte. Sparing solubility in cold dilute 
chlorhvdric acid, chloride of ammonium^and 
alcohol. 

The proposition of Terreil ( Complex Rendus, 
62. 130) to separate Co from Ni and Mn, by 
precipitating the former as chloride of roseo 
cobalt, by the action qf permanganate of po- 
tassium upon a. boiling ammoniacai solution of 
the three me.als, has been shown to be value- 
less by Brauti ' and Fresenius {Zeilsck. analyt. 
Chem., 1860, 6. pp. 114-116). Some of the 
cobalt escapes the oxidizing action of the per- 
manganate, and the chloride formed is not 
wholly insoluble in dilute chlorhydric acid. 

Chloride of Silver. 

Principle I. Fixity when heated in the sur. 

Ap}>licalion. Weighing of chloride of silver 
as obtained by the gravimetric method under 
Principle II. Retention of chlorine in the 
analysis of some organic compounds. See Car- 
bon, p. 68. 



Principle II. Insolubility in water and 
dilute nitric acid. 

Applications. Estimation of silver, of com- 
bined chlorine, and of chlorhydric acid. Sep- 
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X-iU CHLOaiPE OF SILVEB. 

avation of Ag from K, Na, NH,, Ca, Sr, Ba, cant as booh as tlie miiture lias settled, and 
MKj AI, Cr. be. P, S. Sa, 'I'e, As, Sb, Sii, Co, repeat the process until a small portion of tlie 
Ki, Mm, Zn, ca, Cn. Pli. Bi, U^\ Ur, Au, watL-r tested with uhlorhydrie add, or with 
and Pt. Separation of chlorhj-ilrii; aeid from nitrate of silver, as the tafe may be, does not 
stilpliiirii:. phisiphijriu, bormi^-, eilioie, fluor- beeoiue cloudj. It is well to aciiinlate with 
hidric, thlurie, nitric, oxalic, araeiiious, arsenic, nitric acid the water used foi- washinf; the uhlo- 
aii<i chi-omic acids. Direct and. indirect sepa- ride of silvi'r, since the settling ol' the latter is 
ration of K fi-ovu Na. Assay of coiiis nnd thereby slightly promoted, 
other aUoya of silver. Transfer the washed precipitste from the 
Gravimetric Melkod, ' fissk to ft wdghed porcelain crucible as follows: 
Melhoil. The moderately dilute solution of Set a tolerably larpu evaporatiiif! dish, full of 
a silver salt, of chloi'hydric acid, or of a chio- *'"«>■' "P"" ^^ *''''''^; *" ^^^ fi""* which con- 
ride, is slightly acidulated with nitric acid, tain^ the chlori.le of silver completely full of 
either in the cold or at teuiperatureii no hio-her "»ter and invert the porcelain crucible over 
than GO" C, and then mixed with ililute cGlor- ^■^^ ""»""' °f' ^1"= "prigl't' Ais'lt. so that the lat- 
hydric acid, or with a sol u don of nitrate of ter sOiall be in a measure dosed hy the cnioi- 
riiver, as the ease may require, as long ai any ^^^ Hold the crnc-ible as tishtly as poasibla 

Kidpitate continues to be formed. Care must agaiiBt the mouth ol" the flask and suddenly 

taken not to aild any considerable excess of 'n^'^'' ^^^ 'a^ter, so that the orncible and the 

chlorhydric acid, or of chloride of sodium, "'outh of the flask shall be completely sunk in 

when these substances are employed bb pre- ^^ "f^""" "^ ^'^^ evaporatiiip dish. Lift the 

dpitants. for chloride of silver is somewhat flask a little, so that its run shall be just within 

soluble in tliem. The presence of all olber *'^^ crucible, and rap the flask so that the Iftft 

substances capable of dissolving chloride of particles of the chloride oi silver shall fall 

silver must of counjo be carel'uUy avoided: ao"'' into the crucible. Finally slip the mouth 

(See projmrtius, below, and Dictionary of Sol- "f the flask over the run of the crucible, sfUl 

ubihties). — Predpitated chloride of silver keeping the mouth under water, and lift the 

may be washed either by decantation, or upon d'ueible out of , the dish. Decant tlie clear 

a filter. The inethod by decantation is best '^^^'' ft™" ^« crucible, dry the chloride thoi-- 

when the amcfunt of precipitate is lai'ge. and o"g'J)' "pon a wat«r hath, and heat it over a 

when nothing but silver (or chlorine) is to be '^"'P """• i* begms to fuse at the edges, 

determined in tiie solution : but when the pre- "^len the cruwblu has become cold, weigh it 



cipitate is small, and when other substances 



with its contents. ^ To fiicilitate the s 



besides silver or chlorine are to be determined, 'Img of '^^^ precipitate in the crucible it 

a filtar should be employed, lest too laige ft *" l^eat it upon tlie water bath before attempt- 

proportioii of the precipitate be lost, or too '"S *» decant the last portions of liquid. The 

great a bulk of liquid be obt^ned. last drops of water may be removed by holding 

In caxe it is proponed to wash J>y decantation, "'e crucible in an mclined position and touch- 
place the acidulated solution to be a:iaiy!ied in '"S ^^"^ "ftei" *"th httle rolls of filter paper. 
ft tall conical flask, with long neck and narrow In <;»«« «ny particles of chloride of silver ai-e 
mouih, immerse the flask in water, and m^n- seen in the beaker info which the liquid from 
tain the lattur at a temperature of about 60° C. *he flask is decanted, leave the mixture at rest 
The flask should be provided with a smooth "* » "i^™- "i*™ P^^- ^'•'^ "^ number of hours, 
and sufficiently iai^ cork, or with a finely- decant the clear liquid, collect the residual 
ground glass stopper. Add the precipitant diloride of silver upon a small filter, as below, 
Ettle by little, while occasionally twisting the a,"'} add its weight to that of the ma.n pre- 
flask until the last drops produce no further cipitaft. 

cloudiness, then cork the flask and shake it The precipitate obtained b3' adding nitrate 

vigorously until the chloride of silver has united of silver to a solution of chlorhydric acid, set- 

into large coherent lumps, and the supernatant ties much more <[uickly than that obtained by 

liqiud has become tolerably dear. Remove adding chlorhydric acid to a solution of nitrate 

the cork and wash fl-oin it and from the neck of silver. 

of the flask any partides of chloride which Since chloride of silver is decomposed by 

may have adhered there, then leave the flask light, it shoul<l be kept in tlie dark as much as 

at rest in the warm water during several hours, possible during the processes of precipitation 

until the precipitate htvt separated completely, and decantation. A sleeve of cloth to cover 

and the liquid above it is absolutely clear and the flask will be sufficient for the purpose, and 

transparent. Where a high degree of accu- the operator need not be afraid to uncover the 

racy is required the mixture may be left to flask as often as he may please, to observe the 

letfle for li hours in a moderately warm, dark progress of the precipitation. Direct sunlight 

plai'c. must of course be carefully avoided. ^ Jn 

Decant the clear liquid from the flask info order to remove the fuseil chloride of silver 

a beaker, as completely as may be practicable, fixiiii the crucible, put a bit of zinc upon the 

taking care not to pour out aiiyof the chloride; chloride and fil! tlie crudble with highly dilute 

then (ill the flask with hot water and again dp- chlorhydric acid. Moine of the chloride will 
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CHLORIDE OP SILVER. 141, 

qnlckly be reduced to the condition of metallic It would be difficpit to trHnsfonii the mercu- 

silver, and its adhesion to the flask deatraytd. rous to a lueruurie salt by heating the origbial 

In case the precipitate is colkcfed upon a Jil- solution with nitric acid, in ease the solution 

Ur, the latter should be as small as possible, were very dilute. ^ Aceoi-ding to Levol, 

and the precipitate should be left to settle for no tlioiough separation of the precipitate ii'om 

some houra in a warm, dark place, before pro- the liquid can be obtained unless an alkaline 

cceding with the filtration. The precipitate acetate be added to the original solution. In 

is washed with hot water, thoroughly dried, lie absence of an acetate some chloride of 

and ignited in a porcelain crucible, as above, silver would, moreover, remain dissolved in 

Before itpiting, tne chloride of rilver must be the mercuric nitrate (Wackenroder). — In 

retnovea as oompletely as possible from the separating silver ik>m lead, also, acetate of 

paper, and the latter burned upon the lid of sodium should be addeil to the original solu- 

the crucible. Since some of the chloride is tion. The njixture is then heated and pretip- 

aiwavs reduced in this operation, the filter ash itated by the addition of rather dilute chlor- 

should be moistened with two or three drops hydric acid, taking care to add no more of the 

of diinle nitric acid and gently warmed, then acid than is absolutely necessarj'. In this 

treated with a drop or two of chlorhydric ease, the purpose of the acetate of sodium is 

acid and thoroughly dried, in order to rucon- to retain enloride of lead in solution (Anthon). 

■ ■' netal into chloride. Or the reduced In separating silver from iiijemuifi, care shouli 



silver may be weighed by itself, as such. Or be taken to have enough free n 
the crucible may be discM^ied altogether, and ent to prevent the precipitati 
the chloride collected and weighed, on a tared chloride of bismuth. For the sake of ci 



filter dried at 100°. ^ It will often be taiuty, it is best to heat tlie precipitated 

found convenient to combine the method of chloride of silver with dOute niti'ic acid, after 

washing by decantation with that of filtration, the clear supernatant liquor has been de- 

The great bulk of the precipitate may be canted, in order to diesulve any chloride of 

washed by decantation and dried in a porce- bismuth which may have gone down'. In both 

lain crucible, as above, while the decanted cases the precipitate must be washed thor- 

liquor is passed through a filter, and the chio- oughly with water acidulated with nitric acid, 

ride thus collected incinerated by itself. before any pure. wafer is added to it. Instead 

Exceptions and apecial precautioni. In scp- of proceeding in this way, some tartaric acid 

arating silver Irom mei-cur/i, care must be may be added to the original solution, then 

taken to keep the chloride of silver from being ammonia, or some other alkali in excess, and 

contaminated with difficultly soluble salts of finaliv chlorhydric aci^l in slight excera. 

mercury. In case the precipitation be effected NotJung but chloride of wlver will go down 

in presence of a nitric acid solution of raer- from the mixtui-e, even if water be also added, 
curie oxide, some basic nitrate of mereury is To separate silver Irom gM or pliUinum, in 

liable to go down with the chloride of silver, alloj's, treat the alloy witJi cold dilute aqua 

and the profiorticn is larger,, accordingly ms r^ia, and after this agent has ceased to act 

the amount of free nitric acid in the sdution dilute the liquid largely, and collect the undis- 

is less. On the other hand, if there be present solved chloride of silver upon a filter. Tliia 

a nitric acid solution of mercurous oxide, some method is applicable only to alloys which c< 



IS chloride will go down with the sil- tain less than 15 per cent of silver. If a larger 

verprecipitate. See also, below. proportion of silver lie present, the chloride 

Ti avoid these contaminations, tliu original of silver Ibrmed by the action of the first por- 

solution may be mixed with acetate of sodium, tions of aqua regia will I'nvelop the rest of the 



1, and the silver pre- alloy so completely e 

cipitated with a solution of chloride of sodium, from the action of the acids. — « To esti- 

Or chlorhydric acid, in not too great excess, mate fiee chlorine, put a weighed quantity of 

may be added to the diluted original solution, finely divided silver into the liquid which 

and_ the precipitate heated with a mixture of contains the chlorine, and leave it there, tak- 

nitric and chbrhydric acid, after tie clear ing care to shake the mixture occasionally, 

supernatant liquor has been decanted. Or, until the odor of the chlorine has completely 

instead oi treating the precipitate with the disappeared. Collect, wash, drj^, ignite and 

mixed acids, the basic iSercuriu nitrate may be weigh the mixed precipitate of siivev and 

decomposed and removed from it by means of chloride of silver. The increase of weight of 

ft solution of acetate of sodium or acetate of the silver gives the amount of chlorine m the 

ammonium, to which a very small quantity of liquid. To prepare the finely divided silver 

nitric acid has been added. pi-ucipitate some niti'ate of silver with ferrous 

In ease of having to deal with a solution sulphate, or reduce some chloride of silver 

which cont^ns mercurous oxide, the impure with zinc. 

precipitated chloride of silver may he heated For the separation of cMorine from the mel- 

witJi uijiia regia to convert the insoluble nier- atn, in chlorides soluble in water, or uitnc 

curous tbloi-ide into soluble mercui'ic chloride, acid, no special precautions are iiet'csfary, ex- 
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ceptmg in the oaiea of the chlorides of antl- the chlorine can be proceeded with. (Pelisot). 
mony and p annum, mercuric chioriiie, stannic. In estimating chlorine m presence of a ffuo- 
chtoride.and green protoehloride of chromium, ride it is best to throw down the fluorine, 
VVhen a solution of Hither of the cSion<fe» of as Fluoride of Calcium, by adding nitrate of 
aiiltmoiiy or of mercuric chloride is mixed wita calcium before proceeding to precipitate the 
nitrate of blIvw, the chloride of silver thrown chloride of silver; though wlien the substance 
down will carry with it a certiun quantity of is soluble in water it la perfectly possiblfi to 
the other metal. To avoid this contamination estimate the chlorine first by adding nitric 
the mercury or the antimony may bo first acid and nitrate of silver in the usual wav. 
thrown down by means of sulphnretted hydro- An insoluble chloro-fluoriile would have to he 
gen, the excess of the latter destroyed by add- fused with carbonat* of sodium and silicic 
ing a few drops of_ a solution of ferric sul- acid. _ To estimate chlorine in a silicate 
phate, and the chlorine subsequently determ- dissolve in dilute nitric acid, if that can be 
ined m the filtrate. It will not do to drive off done, and if no gelatinizalion occurs add ni- 
the excess of sulphuretted hydrogen by heat, trafe of silver to the highly dilut« solution, 
lor a part of the chlorhydric acid would es- without warming it at any time. Before pro- 
cape with It. In the case of antimony it will ceeding to estimate Silicic Acid in ihe filtrate, 
be necessary to add some tartaric acid to the add dilute ehlorhydric aciil to it in Ihe cold, 
soluhon to prevent the separation of a basic and so remove die excess of silver, 
salt (see Sulphide of AnUinony). — When In case the silicate gelatinizes with the nitric 
nitrate of silver is added b a solution of cUo- acid, dilute the jelly and allow the mixture to 
rirfe o/;)i<i(m«ni,uisoluhlechloroplatinate of sil- settle; filter, wasli the precipitated sOicic acid 
^VT'^ VI ■ ^ IS thrown down, together and add nitrate of silver to the filtrate. Iftlie 
with the chloride of silver. Various methods silicate to be examined cannot be decomposed 
have been proposed to avoid this difficulty, by nitric acid, ftise it with a mixture of car- 
v. Bonsdorit, for example, heated chloride bonate of sodium and carbonate of potassium 
of platinum and its compounds in a current of in a platinum crucible, boil the fused mass with 
hydn^n, and led tlie ehlorhydric acid gas water, remove the dissolved Silicic Acid by 
"ifi a solution of nitrate of silver. Other means of carbonate of ammonium, and precip- 



anaJysts have melted the platjnum chlorides itate the filtrate with nitrate of silver after 

with carbonate of_ sodium, and estimated chlo- acidulating widi nitric acid. (H. Bose). 
nne m the solution obtained by treating the To separate chlorine from nitric and chloric 

fused mws with water. acids, in case the metal with which the chlo- 

Instead of these methods Topstie (Zeitsch. rine, etc., is combined, is capable of uniting 

analgl. Ckem., 1870, 9. 32), directs that an with phosphoric acid to form an insoluble co.u- 

excess of zinc filings be added to the tolerably pound, boil the solution with ret-ently precip- 

dilnte solution of the Phjtinum compound, in itated, thoroughly washed tribasic phosphate 

order to precipitate the platinum in the met- of silver. Chlonde of s"l er and phosphate of 

aUic stale. The chlorine (or bromine or iodine the metal with which the cl or ne was p e 

in case these elements be present) may then viously combined, will separate as oluhle 

be determined in the filtrate in the usual way. powders, together wJtli d excels of the phos 

After the development of hydrogen has ceased phate of silver, while the traesand o Us 

in the aqueous solution, the liquid is saturated ramain in solution (Chene x Las^aj, 

with arainonia and heated upon a water bath Joum. de Pharm., 18. 269) 
before filtering ofi" the platinum. This method Estimation of CMonne n o jo c o oi 

IB said to yield excellent results. To estimate clilorine (orboneo on) 

Or the platinum compound maybe con- in organic compounds, or to si pa ate hlorne 

Terted inh» biilphite of protoxide of Platinum, (or bromine or iodine) from janogen a a p 

a compound which does not interfere with the the Bulwtance in a glass tube t(^e 1 r h 

precipitation of chloride of silver (see Iodide some nitric acid of 1.:, sp gi an 1 a sight 

of Silver). — Prom a solution of glannic excess of nitrate of s r as bt ow In 

chlonde nitrate of silver would precipitate, most cases the oxidation of the o ga mat 

besides chlonde of silver, a quantity of bin- ter is easy and rapid, wh 1 1 h o I { o 

oxide of tin and oxide of silver. To avoid dide or bromide) of 1 er a pa e o t 

this result, precipitate Hvdrate of Tin In the As regards cyanogeifj the ^ya. a le 

first place by adding sulphate of sodium or pends on the rapid detompos t on oi an le 

nitrate of ammonium to the liquid, and esti- of silver under the condi ons abo e d c 1 

mate the chlorine in the filtrate. (Lmw mthal, Oi^anic substances, sucl as the e bi- of 

Jown. pi-akf. Chem., 66. 371). — From a tie aromatic series, wl h 1 not 7e 

solution of Jhe green prolocAloride of ehrommm easdy, may be destroye. bj p j, s I" 

nitrate of sil ver cannot throw do in all the chroinat* of potassium n the tube v t e 

chlorine. The chromium must consequently acid and the silver salt. Butin that en^nt the 

first be precipit-ited as Hydrate of Chroramm highly diluted acid liqnid must h<: heated to 

by means tif ammnnia, and the priupitate destroy the chrouiate of silver which is formed, 

""■'""■'' I"- •■'"■■■■■ ■■■*■■-" ■' ---' ' before proceeding to collect the- chloride of 
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Bilver. The free nitric acid is then neutra- 
lised, almost;, but not quite, conipleteW, by 
adding pure carbonate ol sodium, and the in- 
soluble chloride of sodium is coliucted and 
weighed . togelher with tie ir^ments of the 
{;lass bulb, tjie weight of the lattur being sub- 
tracted from the total weight of the precipi- 
tate in order to obt^n the true weight of the 
chloride of silver. Since there is always an 
eittesa of nitrate of silver present In the liquid 
above luenuoned, the solvent action of the 
nitrate of sodium upon the chloride of silver 
has but little significance. ^ The details of 
the operaljon are as follows; — Prepare some 
little weinhing bulbs, somewhat si:nilar (o those 
described under Carbon, on p. 67. Kach of 
these bulbs should have two capillary stems, 
one upon either side of the bulb. These stems 
should be about 1 m. m. wide at their ends, 
very thin in glass, and bent or curled to one 
side at the ends. In one of these bulbs seal 
up from 0.15 to 0.4 grm. of the liquid to be 
anal^-zed, taking care to leave as little air as 
possible in the bulb. Put the loaded bulb in 
a tube of difficultlv fusible glass from 10 to 12 
m. ui. wide and closed at one end to a round 
end. Fill the tube about half full of nitric 
acid of 1.2 specifie gravity, with addition of ni- 
trate of silver, as above, then draw out the 
upper end of the tube at the blast lamp to a 
thick, capillary tube, heat tlie nitric aciil to 
boiling, and when all the air has been expelled 
seal .the capillary tube at the lamp. As soon 
as the nitric acid has become cold, shake the 
tube until the points of the weighing bulb are 
broken off so as to leave opening of about 1 
m. m. through which the nilric acid can gain 
easy access to the contents of the bulb. Itien 



n tul>e closed 
, an oblique po»i- 
r bath, and heat 
o 120° or 140°. 
t the close of the 



place the glass tube 
one end, and set the latter 
tion in a sheet iron box or t 
the latter with a gas Hame 
In order to open the tube £ 
operation, let the glass become perfectly cold, 
warm the capillary point gently, in order to 
expel any liquid which may have collected 
there, and finally heat the extreme point of 
the tube to redness, so that the gases within 
the tube may escape through Uie softened 
glass without violence. Then cut the tube in 
(wo below the capillary portion, and wash out 
its liquid and sond contents. The obj n 
placing nitrate of silver in the tube is to pre 
vent uie formation of any elilorine gas n 
case there was no nitrate of silver in the be 
some gaseous chlorine would be form d 
well as ehlorhydric add, but in that eve b 
point of the tube may be broken off b h 

the sar^ice of a dilute solution of sulph 
sodium contained in a glass cylinder. 1 
each part of the oi^anic substance, from 8 to 
10 parts of the sulphite would be neede d 
as much water as would amount to 40 
the volume of the nitric acid. The po 
the glass tube must be broken otf carefu 



pressing it agmnst the side of the cylinder, 
alter a light scratth has been made upon it 
with a glass-knife of hardened steel. The gas^ 
within the tube will then escape in so fine a 
stream that all the Chlorine will be readily 
changed to ehlorhydric acid. Before opening 
the tube completely, let some of the sulphite 
solution enter it to destroy the chlorine there. 
Heat tlie mixture until the whole of the sul- 
phurous acid has been expelled, add enough 
pure carbonate of sodium to nearly neutralize 
the acid, and precipitate the ehlorhydric acid 
with nitrate of silver. — The amount of 
nitric acid to be scaled up with the organic 
substance in the tube ranges from 20 to 60 
times the wiaght of the substance; it varies ac- 
cording to the quantity of oxygen which the 
substance is capable of consuming. Nitric 
acid of 1.2 specific gravity is best suited for 
the requirements of the case; when a stronger 
acid is used tlie tubes are more liable to ex- 
plode, and with a weaker acid a higher tem- 
perature and longer continued heating will be 
required. With acid of .1.4 specific gravity, 
the conversion of the organic matter into car- 
bonic acid and water, is rapid at a temperature 
not much superior (o 100 ; with acid of from 
1.] 2 to 1.2 specifie gravity, the mixture must be 
heated from 1 to 8 hours to form 1 20° to 
1^0°. Some substances, such as naphthalin and 
phenylalcohol, are completely decomposed only 
after 6 or 8 houi-'s heating, to 150° or 180°, in 
case no bichromate of potassitmi has been 
added. The pi'ot^oes is applicable also for the 
estimation of Sulphur and Phosphorus, as will 
be explained hei'eafter. (Carius, Liehig and 
Kopp's, Jahreniericht der Chemk, 1861), 13. 
668, and 1861, 14. 833; Kraut, Zeitsch. 
analyl. Chem., 1863, 2. 243). The process 
would be an excellent one were the sealed 
tubes less liable then tliey are to be broken by 
explosions. 

B. For the steps preliminary to the addi- 
tion of the silver solution in other methods of 
estimating chlorine in organic coinpounds, 
see Chloride of Copper. Chloride of Calcium, 
Chloride of Potassmm, Chloride of Sodium 
and Chloride of Zinc. 

For separating niagneaium from the alkali- 
melah, Sonnenschein (PoffpendorfH Annaten, 
74 313) evaporates the solution uf the mixed 
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chloridea determined as explolwiH under Chlo- c. c. of jierfeetlv pure nitric acid of 1.2 fpe- 

rido of Potassium. Tliu matter upon tiie fil- cific p-avity, and aet tlie bottle in an incliiiud 

ter is di^sted in uhlorhydvic acid, and from position upon a water or sand batli, and lieat 

the Bolution thus obtained niBgiwaium is pre- Jt cently until the whole of the silver has dis- 

cipltatwl aa Phospliat* of Magnesium and Am- solved. By means of a bent glass tube, 

motiiiim. It is to be observed tliat a small blow thp red fumes out of the upper part of 

portion of the chloride of magnesium is the bottle, and after the bottle has been al- 

changed to oxide by the first ignition. Oside lowed to cool somewhat, set it in a stream 

oi' Silver might be used instead of the carbon- of water, the temperature of which is not 

ate. far from 16°. As soon as the bottle has 

According to Fresenius, this process k not been reduced to the tenipemlure of the 

to be commended, since the filtrate invariiibly water, wipe it dry and place it in a box or 

contains something more than mere traces of case made of pasteboard blackened iniemally, 

miwaesiiiin. ' and reaching to the neck of the bottle. Next 

S. Volumetric Methofl. measure out 100 c. o. of the strong solution of 

Instead of weighing the precipitated chlor- chloride of sodium in a pipette and let it flow 

ide of Silver, as in A, its amount may be de- in upon the silver solution in the te^t bottle, 

termined with great accuracy by employing a In order to measure the salt solution with due 

standard solution of chloride «F sodium or of ni- accuracy, the pipette should be fixed firmly in 

trate of silver, as the ease may be, and noting a vertieai position, in a support alter it has 

how much of this solution is required to pre- been filled above the mark, before the excess 

ciaely precipitate a weighed quantity of the ia allowed to flow out. Moisten the stopper of 

silver compound, or of the chloride under ex- the test bottle with water, press it firmly into 

amination. the bottle and shake the latter violently until 

For the estimatiort of sUeer, three standard the chloride of silver coheres in lumps and the 
solutions may be prepared as foiiowe; — 1st. A liquid is left perfectly clear. During this pro- 
strong solutJon of chloride of sodium, by dis- cess of shiikiug, the bottle should be kept in 
solving 5.4145 grms. of pure chloride of so- its pasteboard case and its neck covered with 
dium in <listilled water, to the volume of I a cap of black cloth, in order that the chloride 
litre at IB". of silver may be protected from the action of 

If the salt be absolutely pure, 100 c. c. of light. When the chloride of siivcr has com- 

this solution will contain a quantity of chloride pktuly settled, turn and incline the bottie so as 

of sodium equivalent to I grin, of metallic sil- to waali down any of the chloride which has 

ver, and 1 c.;- c. to O.OI grm. Clean, well remained adhering tfl its upper part, then re- 

crystal!iz0d, native rock salt is pure enough for move the stopper and add the decimal chloride 

this purpose. It should be coarsely powaered of sodium solution, little by Uttle, as long as 

and dried by a moderate ignition, but should any pi'ecipitate continues to be formed. The 

not he fuxed. decimal solution should be poui-ed lixitn a bu- 

2d. A decimal solution of the clilonde, by rette graduated to tenths of cubic centimetres, 

diluting 60 o. c. of the aforesaid strong solu- and Sm bottie had better be heUl in an iii- 
tion to the Volume of halt a litre at 16". ■ clined position so that the drops may fiiU 

(Compai-e Alkidimetry, p. 18 ) Lath t c of against the lower part of its neck. The pi>r- 

diis weak solution will conespond to 001 tions of the decimal solution first added may 

grm. of silver. be aa large as 0.5 c. c, but afterwards siiialler 

3d. A decimal silver eoiutiou, by dis«olving quantities should be added, in proportion as 

0.5 griD. of chemically pure sdver, m 3 or 3 tlie precipitate produced is smaller, and 

c, e. of pure nitric acid of 1.2 specific eravity, towards the close, no more than two drops r.f 

and diluting the acid liquor to the volume of the solution should be added at once. Tlie 

half a litre, measured at 16°. Each c. c. of operation ia finished when the last two drops 

this solution will contain 0.001 grin, of silver. fail to produce a precipitate. After each adili- 

Each of the three solutions should be kept tion of the decimal solution, the bottle should 

in a glass-atoppered bottle, aud eacb solution be lifted out of its case so that the amount of 

should always be shaken before any portion of precipitate produced by that addition may lie 

it is pourefl out for use. The bottie wliich observed. The bottle should then be shaken 

contains the silver solution should tw kept in until the lii^nid becomes clear, before any 

the dark, by enclosing it in a sleeve of cloth, more of tiie decimal solution is adiled. 

for example, , Towards the close of the operation tlie height 

To fie preciseln ite value of Ike chloride of of liquid in the burette should be read off aud 

sodium solulions, weigh out exactiy a Uttle noted before each addition. The reading lic- 

moi'e than one gramme of chemically pure sil- fore the laKt atldition (which fiuls to produic 

ver (from l.OOI to 1.008 grm.) and put it in a any precipitate) ia taJten as the correct roiid- 

white glass bottle of a little more than 200 ing. Suppose 8 c. c: of the deci mill chloride 

c. c. capacity. This tent hotlle should be pro- of silver solution have been used be^iiles ilie 

vided with a weii {iroiind gla-f stopper, run- 100 c. c. of the stmiig solution, and that the 

ning to a point beluw. Pour into the bottle 5 amount of [)ui-e silver weighed out was equal 
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to 1.003 grms,, then 100.1 c. c. of our chloride 
of sodium will be equal to 1 grm. of silver, 
for:— 

If by any chance, too much of the decimal 
chloride of sodium solution has been added so 
that the exact point of the cessation of pre- 
cipitation cannot be made out, add 2 or S c, c. 
of the decimal silver solution, above de- 
scribed, and proceed again with the decimal 
salt solution until the point -of saturation is ex- 
actly hit. The amount of silver thus added 
in the decimal solution must of course be ad- 
ded to the weicht of silver ori^nally taken. 

The value oi the standard solution should 
bo marked upon the label of the bottle which 
contains it. It is the ftindamental number 
upon which all the actual assays oe analyses 
ol silver made by means of that solution will 
depend. If at any time there is reason (o ap- 
prehend that the strength of the solution may 
have altered, its value should be determined 
anew, against a new quantity^ of pure silver. 

For the actual assay of a sUikt alloy, weigh 
out as much of the alloy as will contain about 
one gramme of silver, or a few milli^ammes 
more than one gramme, dissolve it in 5 or 6 
c. c. of nitric acid in a test bottle as above de- 
scribed, and proceed precisely as in the forego- 
ing paragraphs. In order to obtain abaolutelj' 
accurate results, it is necessary to know approxi- 
mately beforehand, what proportion of silver 
is contained in tlie alloys. In the case of 
coins such as those of the United States and 
France, which contain 10 per cent of copper to 
BO per cent of silver, it will be sufficient to 
weigh out a quantity equal to about 1.115 or 
1.12 grm,, and an analogous remark would 
apply to English coins, in which the propor- 
tion of copper is only J.5 per cent. But with 
alloys of unknown composition, an approxi- 
mate estimation of the silver value should be 
made before proceeding to the final assay. To 
this end weigh out 0.5 grm. of the alloy ,-^<ir 1 
grni., in the case of alloys poor in silver, — dis- 
solve it in jrom S to >> c. c. of nitric acid, and 
add the strong solution of chloride of sodium, 
until the last drops produce no precipitate. 
The operation is conducted in the usual way, 
as above deicribed, taking care to add smaller 
and smaller portions of the salt solution 
towards the close. The reading of the burette 
previous to the last addition is of course taken 
as the true reading. 

Suppose 0.6 grm. of alloy was t&en, and 
that 25 c. c. of the chloride of sodium solution 
of the above mentioned strengtji have been 
consumed, the amount of silver in the alloy 
will appear from the following proportion, 



comparatively large quantity of nitric add will 
be needed, say 10 c, c. 

It need hawly be added that the results ob- 
tained by this preliminary trial are already 
tolerably close approximations to the truth. If 
the experiment be carefully conducted, the 
quantity of silver present in the alloy can be 
determined in this wajr, to within j-^v or -jJir- 
It is only where the highest possible degree of 
accuracy is required that the second titration 
with the decimal solutions need be I'esorted to. 

It is to be remarked that alloys of silver and 
copper are never of absolutely homogeneous 
composition tiiroughout tbeir mass, excepting 
the aJloy of '|S^ silver. The sheets of 
rolled metal fram which coins are stamped, 
have often been found to show 1,5 to 1.7 in a 
thousand more silver in the middle than at the 



edg. 



and the quantity of a^loy to be 
will be found by the proportion 






To dissolve this 2 grms, and iiiore of alloy, a 



following example will serve to illus- 
trate the manner in wnicii (he results of an 
assay are calculated. Suppose that 1. 116 
grms of American coin have been taken, and 
that 5 c c ot the decimal solution(=^ 0.5 e. c. 
of the Etr<»)g solution) of (hloiide of sodium 
have been consumed in addition to the 100 
c C' of strong sotuticn Gi>it added Suppose 
moreoter, tiiat the strength ol the salt solu- 
tion IS as above stated, i «, lOU 1 c. c. =1 
gi m silvei , then 



in the alloy. TTie same result may be arrived 
at in (he following way;^ 

Tbrre wae required for preclpltstlug 
the silver In tha alloy lOOJc.e, 

Forlgrni. of poi-eBiiver 100,1 o.o, of 

tho culoiide of sodium eolution. , 

Diftference " (t,4 c.c 
Tliere was consequently 0.004 grm; of silver 
niore than one grm. present in the alloy, on 
the presumption that 0.1 e. c. of the strong, or 
1 Cj c. of tlie weak, chloride of sodium solution 
corresponds to 0.001 grm. of silver. 

To dissolve alloys which contain sulphur, 
and those which consist of gold and silver, 
with a small proportion of tin, Levol (Annak) 
Chim. et Pkys., (8.) 44, 347) employs about 
25 grms. of strong sulphuric add ; the mixture 
is boiled until the alloy has dissolved, and the 
liquid then treated in the usual way. But 
since concentrated sulphuric acid does not dis- 
solve the whole of the silver when there is 
much copper present, Mascazzini (Chem. Cen- 
tralbtalt, 1867, p. 300) prefers to treat the 
weighed alloy, which- may contain small quan- 
tities of lead, tin and antimony, besides gold, 
with the least possible quantity of nitric acid, 
as long as red vapors are formed, before add- 
ing the sulphuric acid. After tiie addition of 
the latter, the liquid is boiled until the gold 
has settled well together; the mixture ia then 
cooled, diluted wifli water, and titrated with 
chloride of sodium, as above. 

Jl' the substance to be analyzed contain* 
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any mercury, some acetate of sodium should be the same number of each is useiJ. Let us 

added to tjie nitric acid solution before pro- suppose that, like Muldttr, we have a dropping 

ceeding with the titration (see the descriptiun uppar^tus, of such size that 20 of its drops aw 

of the graTiinetric method above). e<jual to 1 c. c; that to a silver solution there 

The reason whv the value of the standard has hven atlded a decimal chloride of lodium 
solution of chloride of sodium cannot be ob- solution, until precipitation has ceased, and 
tained directly from the weight of salt taken, that 20 dropa of decimal silver solution have 
U that chloiiile of silver is not ahsolutcly in- been used in reaching the point at which tliat 
soluble in a solution of nitrate of sodium, liquid ceased to produce turbidity; it will then 
And Buuh a solution is of course foEined by tlie be found that 20 drops of decimal solution of 
reaction of chloride of sodium upon nitrate of chloride of sodiuin- must again be added in 
silver. The presence of nitric acid does not order to arrive at the point at which this liq- 
hinder, or prevent, this solution. Mulder has uid coases fo react. D' only 10 drops were 
shown, for example, that if a solution of -i^ added, instead of the 30 which are required, 
milligmi. of silver be treated with SO c. c. of we would be involved in the neutral jKiint, 
nitric auid ol' 1.2 sp. cr., aitd the solution thus Instead of stopping at the point enjoined in 
formed be mixed with enough chloride of these i>ages, at which chloride of suilium has 
sodium to precisely neutralize the nitrate of just ceased to precipitate the silver, the opera- 
silver, the precipitate which foriDS at first will tor might stop either at the neutral point, or 
disappear. But the further addition of a trace at the point at which silver solution lias just 
either of chloride of sodium or of nitrat« of ceased to precipitate chloride of sodium. But 
silver, to the clear liquid thus obtained, will whichever point be chosen, that point must 
occasion the IbrmalJon of a persistent precipi- always he ailhcred to. It would be wrong, for 
tate. 'liie existence of the clear solution example, to slop at one pdnt when fixing the 
seems to depend upon that of a certain equi- value of the chloride of sodium solution, and 
librium between the affinities of nitric acid at another in pcrlbrming an analysis. Accord- 
and chlorine in presence of water, for sodium int; to Mulder, the difference obtained by using 
and silver. But this equilihrium is at once first the first point, and then the second is 
destroyed on the addition of an excess of about 0.0005 gmi. of silver tor 1 grin, of silver 
either chloride of sodium or nitrate of silver, at 16°. By employing first tlie first point, 
It follows from the foregoing that one eqmva- and then the third, as was permitted in the 
lent of chloride of silver dissolved in water is original process of Gay-Lussac, the dilference 
not quite sufficient to precipitate one equiva' Is increased to 0.001 grm. ^ For the oniin- 
lent of silver dissolved in nitric acid. Unless ary purposes of the laboratory it is usual to 
a little more than one equivalent of chloride consider only the first point. If by anv 
of sodium be used, we encounter the so-called chance that (»int is overstepped by the addi- 
''neutral point," at which both nitrate of silver tion of too much of the decimal solution of 
and chloride of sodium can produce precipi- chloride of sodium, 2 or 3 c. c. of the decimal 
tates. Hence, if we wish to stop at the point silver solution should be added all at once, 
of permanent precipitation, the value of the and the end point again sought for by adding 
staudtu-d solution must be detennine<l by ex- the decimal solution of chloride of sodium, 
periment, as above explained." until precipitation ceases. The silver thus 

The bearings of the neutral point upon the added must of coarse be subtracted fWim the 
accuracy of tlie silver assay, have been care- amount finally obtained, as has been already 
fully studied by Mulder (in his SUber-Probir- stated. The tbri^oing process was devised 
metkode, I^eipaig, I8S9). From what has been bj' Gay-Lussac, Iimlruelitm sur t'essat dex nux- 
said already, it follows that if to a silver solu- Heren d'aigent paT la voie humide, Paris, 1832. 
tion there be added first a strong solution of It has been studied witli great care by Mulder, 
chloride of sodium, and then a decimal solu- Die SUber-PTobirmelhode, Leipzig, 1859, whose 
tion, drop by drop, until no more precipitate book should be consulted by all persons spec- 
appears, a small precipitate will be i^aiu pro- ially interested in the subject, llie account 
duced on a<lding a decimal silver solution to of the method liere given has been copied from 
the mixture; but if the decimal silver solution Frescnius's vrork on Quantitative Analysis, 
benowadded. drop by drop, until the last drop For a modification of the method, proposed 
produces no turbidity, the addition of some of by Molir,>see below. 

the decimal solution of chloride of sodium will For the estiwatian of Chlorkydric Acid, or of 
again produce a small precipitate. By taking Chlorine, in comlnnaluirt with a metal, a stand- 
note of the number of droje of tiic two deci- ard solution of nitrate of silver may be added 
mal solutions which are consumed in passing to the liquid under examination, until a pre- 
from one limit to the other, it will be seen that cipitate is no longer seen to form (compare 
, , the description of the silver assay above), or 
S<iSAi°JSSS'a7.'S7f'S±!.'SS"Si" •» i""!""" ("■ Acaimelr,) n.y b. «m- 

ISSa, 8. 466), has called attention to the £ict, tliaC b; ployed to show the point at which tiie precip- 

nalng bromide of sodhim as the preotpllantln place of [tation ceases. Thus Levol Uourn. prakt. 

obloride of sodium, silver may be comjjletely nreoipi- _, _- „„,, , , V , . , ,i_ 

tawd witbout entountering any neutral point. Ciem., 60. 384) has proposed to add to the 
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perfectly neutral solution of the chloride to be would be taken ns the true result, and it is 

tested O.I volume of a s^turat^^d solution of only necessary to tneaeure out that number of 

pliospliate of sodium, and to stop adding ni- c. c. of tlie silver solution and to dilute it to 

trate of silver at tbe inonientivlien a persistent the volume of a litre in order to obtain the 

yellow precipitate of phosphate of silver ap- standard solution which is desired. Or a dry 

pears. Since no permanent precipitate of the litre flask may be filled to its mark with the 

phosphate can form untJl the whole of the solution, and 6.14 c. c. of water then added; 

uhlonne has been removed from the solut.on, for if 993.9 c. c. of the solution require 6.1 

the formation of a yellow pi-ecipitate will iudi- c. e. of water to make a litre, then ItrOO c, c, 

cate the fact that all the chlorine has been will need to be diluted with 6.14 c, c. No 

thrown down. But aeeording to Mohr (TOn'r- matter how &e mixture is made, take care to 

melkode, 1856, 2. 13) the color of the plios- eloae the litre flask with a caoutehoue stopper, 

phate of silver is too feeble to serve as a really and shake it thoroughly before transferring 

■■"''■'■■■ ' '" ' ■ ■ ' bottle i ■■•■■■■ 



of known value would be required to enable kept. It is well to control these operations^ 
the owrator to stop at preeiselj the right "mo- testing the value of the finished solution. . lo 
There would always be a tendeney to this end empty the burette and rinse it with 



overstep the mark. In consequence of this the new solution. Then fill it, and proceed t» 

defect, Mohr Qoc. cii.) has proposed to sub- determine how much chlorine is contained in 

stttute normal chromate of potassium for the the portion of salt which was weighed out into 

phosphate of sodium of Levol, and the idea beaker No. 4. If the standanf solution be 

lias been found to be one of much mei-it. correct, the number of c. c. of it used multi- 

For the ordinary work of a laboratory, a plied by 0.005846 will exactly equal ihe weight 

perfectly neutral decimal solution of nitrate of salt taken. 

of silver (1 litre = 0.1 ec^uiv. HCl) will be The analysis of any sample of chlorhydrlc 
well suited. To pi'cpare this solution, dissolve acid or of any metallic chloride is conducted 
from 18.75 to 18.80 grms. of pure tiised nitrate precisely like the experiment in beaker No. 4, 
of silver in 1 1 00 c. c. of water, and filter the care being taken in all cases to hit that identi- 
liquid, if it is not already clear. Weigh out eal shade of red which the operator had deter- 
carefully into four separate beakers four por- mined upon for hiinself'. On this account, it 
tions of pure dry chloride of sodium, each of is best to employ for an analysis a solution of 
from 0.1 to 0.18 gnu., dissolve them in 20 or the same bulk and about as strong as that used 



r, and add 8 drops of a cold, for standardizing the silver solution. It 

saiurateu soiiinon of pure, yellow cbromate of best never to operate with cucessively dilute 

potassium to the contents of each beaker. The solutions or with warm solutions, since chro- 

silver solution, which is a little loo uoneen- male of silver is soluble to an appreciable ex- 

trated, is now allowed to drop slowly from a tent, especially in hot water. ^ The quan- 

burette into one of the beakers, while the Itq- tity of silver solution consumed in producing 

uid in the latter is constantiy stirred. Each the coloration is extremely small, varying in 

drop of the silver solution produces a red spot amount between 0.05 and 0.1 c. c; no very 

of chromate of silver where it touches ihe considerable inaccuracy will be introduced by 

yellow liquid in the beaker; but the reil cooler means of it even in cases whore it stands in a 

disappears instantly on stirring, owing to -the widely different pn>portion to the quantity of 

decomposition of the chromate of silver by the chlonne from that which obtained in the soln- 

chloride of sodium. At last, however, a slight tions used for standardizing. If the amount 

red colonttion will persist, at the moment after of silver used for producing a visible coloration 

all the clilorine in the solution has combined were always the same, it would simply be 

with silver. Note down the readings of the necessary to subtract tliia amount from each 

burette, and without throwing away the con- and every observation, in order to obtain an 

tents of this first beaker repeat the experiment absolutely correct result; but since in point of 

with the salt solutions in beakers Nos. 2 aud 3, Sat-.t wore chromate of silver is required to 

taking care to stop as nearly as possililu at produce coloration in presence of a large mass 

the moment when the same shade of red as of chloride of silver,than when less of thechlo- 

in No. I, is manifested. Note the readings of ride is present, no such deduction can be safely 

the burette as before, and proceed to calculate made. In spite of this hindrance, the process 

in each case how much of the silver solution gives very satisfitctorj- results. ■— It is to be 

would have been required for 0.1 equivalent of observed that 'the solution containing the 

NaCl (i.e., for 5.846 grm.). Tlius, if O.H chloride to be analyzed must be neutral, for 

grm. of chloride of sodium was weighed out, chromate of silver is soluble in free acids. If 

and 18.7 c. c. of the silver solution consumed, need be it must be neritralized by adding nitric 

then acid or carbonate of sodium, Ixtfore proceed- 

fl-ii ; s«8 , ■ 18.7 1 E .- im^ jjig „it]j (jjg titration. It had better be a tri- 

Suppose the second and third tibials give the flo alkaline than at all acid. In ease the red 

value of X as 995 and 993 respectively; then coloration at tiie close is so strongly marked as 

the mean of the three numbers (= 99a.9) to give reason to fear that too much of the 
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eilver solution has been added, it will be ■well 
to add 1 e. e. of a (iecimal solution of chloride 
of sodinm and afterwards the wlver solnuon 
again, drop by drop. The amount of chlorine 
in the c. c. of salt golutiou thus added mast 
of course be allowed for and deducted in the 
calculation. 

Attempts to use arseniai« of sodium as the 
indicator in nhlorine deferminatJons gave 
Mohr {Tiirii^ethode, 1856,2. pp. 18,14) far 
less uitjsfactory results than those obtained 
with tJie chroinat«. Since arseniate of silver 
has a dark brownish red color it is much more 
readily seen than the yellow phosphate, but 
its color is always far less conspicuous than 
that of the blood red chromat« of silver. 

Indirecl Separulion nf K from Na. See 
to it that the niixud Chloride of Potassium and 
Chloride of Sodium to be treated is as pure as 
possible. To this end, redissolve the mixed 
chlorides after they have been once ignited, 
add « few drops of carbonate of ammonium 
and ammonia, and filter before a^ain evaporate 
ing and igniting. Weigh tlie mixed chlorides, 
dissolve tneiu in water and proceed to deter- 
mine the amount of chlorine, by means of a 
decimal solution of nitrate of silver, using 
chromate of potassuum as the indicator, as 
above described. Calculate the amounts of 
potassium and sodium, as explained below. 

The process is easily and rapidly executed 
and yields perfectly satisfactory results when 
the mixed chlorides are tree from impurities. 
It answers best for the analysis of mixtureM 
which contain tolerablj" large quantites of 
both the metals. As m all similar indirect 
methods, the errors of observation are mul- 
tiplied in calculating the results. (F. Mohr, 
Zeilick. analyt. Ckem., 1868, 7. 17SJ. 

According to experiments of Collier {Amer- 
ican Jour. Set.. 1864,37- 344), the process 
is equd in accuracy to the method of direct 
analysis by means of Chloroplatinal* of Po- 
tassium. 

The calculation is as follows (Compare Car- 
bonic Acid, indirect separation of Ca from 
Sr): — Suppose the mixed chlorides weighed 3 
grms. and there was found 1.6888 grm. of 
chlorine. Calculate how much KCl this chlor- 
ine would indicate if there were no sodium 
present ; — thus 

The difference between i=: 3.5497 and the 
weicht (S grms.) of the mixed chlorides ac- 
tually found is proportional to the weight of 
chloride of sodium in the mixture. Thus, 



Whence the short rule multipb tl e qmn- 
tity of chlorine in the mixture h 74 b -f- 
86.&( = 2.1014) dtlut r tl e p o 1 ict the 
ium of the chlorides ind m dtiplj the remain- 



der by 68.5 -^ 1 6.1 (». 3.6336). The product 



from the iormulffi of Collier, in which the 
atomic weight of chlorine is taken as S5.46, 
and that of potassium as 39.11 (instead of 
36.5 and 89.1): — 

W = weight of the mixed chlorides; C =: 
wdght of the total chlorine. 



The following formulie by Bosse (^Olio's 
Lekrhuch der Chemie, S Aufl, 2. 928) may be 
employed to find directly tlie amounts of po- 
tassium and sodium in the mixed chlorides ; — 

W := the weight of the mixed chlorides; 

C = weight of the chlorine; x = weight of 

the potassium; and y :=:. weight of the sodium. 

3, = [JW- CI-1.M]- C 



y „ C - [ (W - C) 0.91 ]_ 



This method has been recommended by An- 
thon (Dinyler's pdylech. Jimm.,11. 286) for 
estimating the amount of chloride of sodium 
in commercial chloride of potassium. Anthon 
(loc. cU.) has, moreover, constructed a table 
from which the percentage amount of chloride 
of potassium in any mixture may be obtiuned 
at a glance ftflm the number of c. c. of silver 
solution used. ButFresenius (ZeiUcli. analyt. 
Ch'-m., 1863, 1, 110) urges that a process so 
dependent upon the purity of the mixpd chlor- 
ides can hardly be employed with safeW-, for 
the analysis of commercial products. It ad- 
mits of calculation that a commercial chloride 
of potassium containing 88 per cent of KCl, 
10 per cent NaCl and 2 per cent of foreign 
salts, such as sulphates or nitrates, would re- 
quire as many c. c. of decimal silver solution 
as correspond to only 3 per cent NaCl instead 
of the 10 per cent actually present; the pres- 
ence of only 2 per cent of foreign impurity 
being sufficient to introduce an error of 7 per 
cent in the process. For the application of 
the method to the ^timation m Carbonic 
Acid, see p. 91. 

Mohr's method of estimatinff Silver, is a mere 
application of the foregoing process of deter- 
mining chlorine. A measured quantity of 
standard chloride of sodium solution, mora 
than sufficient to precipitate the whole of the 
silver, is added to the substance to be ana- 
lyzed, and the excess of chlorine thus employed 
is then estimated by means of standard nitrate 
of silver, using chromate of potassium as the 
indicator. Since chromate of silver is some- 
what soluble in water, care must be taken not 
to operate with dilute or with warm solutions. 
Though probably somewhat less accurate than 
the ordinary method of estimating silver, this 
process may nevertheless be sometimes found 
useful in the laboratory, especially in cases 
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nhere the proportion of silver in the substance down any chlorine admixed or in combinatjon. 
to be examined is wholly unknown. ^ The Before transferring the mixture to tlia measiir- 
details of the process, as applied to the assay ing cj'liuder, it should be cooled bj immersing 
of silver coin are as follows; — Weigh out a the flask in cold watet Insteid ol taking the 
sample of the alloy (say 1.08 grin,) and dis- red color of chromate of silver as the final 
solve it in a flask in the least possible quantity point, the appe irance of that color may be re- 
of warm nitric acid. Pour - from a burette garded onlj as a first approximation to the 
info the solution of the coin, a decided excess truth. After enough of the decimil solution of 
of a, decimal solution of chloride of sodium, nitrate of ailvei his been added to produce the 
This salt solution may be added by portions of persistent red coloration, a decimal solution of 
10 c. c, each until there is manifestly an excess chloride of sodium mayba made to fall drop by 
of it in the mixture. The fi-ee acid and the drop upon the mixed precipitate of chloride 
copper in the solution must be got rid of before and chromate of silver as long as any lighter 
proceeding to determine the excess of chlorine shade of color can be distineuished at the 
which has been used. To this end heat the place where the drop first touches the cloudy 
contents of the flaek to boiling, tlirow In liquid. In this way the excess of silver re- 
crystals of carbonate of sodium, free from quired to produce the red coloration may be 
chlorine as long as any eflervescence occurs, annulled and eliminated. The chloride of 
and continue to boil until the oxide of copper sodium thus added must of course be consid- 
bas turned black. Then pour the mixture of ered, and allowed for in calculating the results 
liquid and precipitate into a narrow, graduated of the experiment. If the oiierator prefers to 
cylinder of !50 c. c. capacity, rinse the flask work backwaiils with chloride of sodium, as 
with water and fill the cylinder to the mark just indicated, the preliminary experiments 
with water, taking care to measure at about made to famiUarize him with the proper color 
16". Close the mouth of the cylinder with a of chromate of silver may be omitted. It 
sheet of greased rulcanized rubber, held in will only be necessary to jirepare the decimal 
place by ^e palm of the hand, and shake the solutions, by disaolvmg 6.846 grm. of pure, 
mixture thoroughly. Let the solid matter set- dried chloride of sodium in water, and diluting 
tie; by means of a pipette transfer 50 c. c. of to the volume of a litre, and by dissolving 
the clear supernatant liquid to a beaker;, add 1.08 grm. of pure silver (or an equivalent 
2 or 3 drops of a solution of yellow chromate amount of pure, fused nitrate of silver) in 
of potassium and estimate the amount of cLlor- nitric acid, evaporating to absolute dryness to 
ine by means of standard nitrate of silver as ensure neutrality, and dissolving in water to 
explained above. Multiply the number thus the volume of a litre. (Mohr, TUritiaetkode, 
obtained by three, and subtract the chloride of 1866, S. 54). 

sodium thus found from the amount of that Volumetric e$tittialit»i of comftinerf sulpkuric 

Bulwtance flrst added to tlie solution of the al- acid. A process devised by Grtegar {Zeitsch. 

loy; the difference will be equivalent to the analyi. Cfhem., 1S67, 6. 443), for determining 

silver in the alloy. ^ The rule just ^ven, sulphuric acid in sulphates, depends essentially 

to muttifdy by three, is not absolutely correct, upon the principle now under consideration, 

since it is not a clear solution of chloride of It is as fiillows. — Dissolve the sulphate (pt an 

sodium, but a mixture of liquid and solid mat- alkali metal) in water, add a solution of chlo- 

ter, which is diluted to 150 c. c. The 60 c. c. ride of barium in slight exceis, and then, with- 

taken out do not represent absolutely a third 'out filtering, digest the mixture for a shoil 

of the solution; but the error is trifling in any time with an excess of carbonate of silver. 

event, and is wholly insignificant when only a By the action of this agent, the metallic chlo- 

sligbt excess of chloride of sodium is added to ride which was formed by the action of the 

the solution of the dloy. chloride of barium upon tlie sulphate is de- 

Instead of the mixing cj-linder, a marked composed, ti^ther wilh the excess of chloride 

flask of 150 c. c. capacity may be used, of barium employed, and converted into chlo- 

It is necessary to boil thoroughly after adding ride of silver and a carbonate of the alkali 

the carbonate of sodium, for carbonate of cop- metal. The chloride of silver, admixed with 

per is somewhat soluble in water and if any of the excess of carbonate of silver and the 

it he lefi undecomposed, a coloration will be carbonate of barium resulting from the decom- 

produced by it on the addition of the chro- position of the excess of chloride of barium, are 

mate of potassium. When the operation is separated hy filtration, and the amount of 

properly conducted, however, the liquid is iefl carbonated alkali in the filtrate is determined 

BO n'ce from copper that not the slightest pre- by means of standard nitric acid (see Akalim- 

cipitate or coloration will be perceived on add- etry or Carbonate of Potassium). From the 

'I sulphide of ammonium. The precipi- amount of alkali found, calculate an equiva- 



, .s dissolved 

of copper, but the chloride of silver is not in in the solution, and goes to increase the 
the least acted upon by the boiling carbonate amount of alliali. ^ In case the sulphate 
of (odium, nor does tlie oxide of copper carry to be analyzed in mixed with a carbonate and 



yGoogle 



li/O CHLOBIDE OF 

a, chloride of an alkali, three separate meas- iodine in presence of ehlorine. Separation of 

ured portioiiB of the solution inuit be treated: Ag from Sb, As, Bi and Hg. 

The first porlion ia titrated at once with Melkixh. Sea Bromide of Silver, Chloride 

■tandard Ditric acid; in the second portion, of Sulpbur, and the Ohiondes of the niutals 

acidulated with nitric auid, the chloride is de- above eiiuoierated (TolatJlitj' of). In case it is 

ferraiiieil a« Chloride of Silver, by means of desii-ed to remove the chloride of silver from 

standard nitrate of silver and chromate of the bulb tube, in order to weigh tlie latter, re- 

potassiuin, while the third portion is neutralized dttee tJie chloride by heating it in a stream of 

with nitric acid, and treated with chloride of hydrogen, and diwolve the metal in nitric 

barium and carbonate of silver, aa above de- acid. ^ According to Stas, chloride of sil- 

scnbed. The amounts of alkali found in the ver fused in chlorine gas absorbs traces of 

first portion, and tliat equivalent to the chlo- fldorinu, and does not pive up the wh(Je of the 

rine found in the second portion, mustof couriie ^s on cooling. In verj- delicate experiments, 

be subatracted from that found in the third therefore, the chloride n.u?t at the last be 

portion, bBti)re proceeding to cakulate the heated in a stream of carbonic acid to expel 

sulphuric acid. this adiierent chlorine. Stas ibund that about 

According to Grteger the process is applica- 100 grms. of chloride of silver lost 7.13 niilli- 

ble to all sulphates whose bases can be com- grammes on expelling the absorbed chlorine, 

pletely precipitated by means of alkaline car- Principle Vll. Solubility in ammonia- water. 

bonates, and particularly for the analysis of Applications. Separation of silver from 

mineral waters. It is only necessary to de- lead, Separation of chloride of silver from 

compose the sulphate by means of a uivasured sulphide of silver in estimating chlorhydric 

<|uantity of standard carbonate of sodiuui, and acid. 

til proceed as above. —• In order to gain an Method. To separate silver from lead, add 

idea of how much carbonate of silver should chlorhydric acid to the mixed solution, and 

be used in any given instance, it is well to esti immediately afterwards a large excess of am- 

mate the chlorine by titnition, in a small meas moma water. Basic Chloride of Lead will 

ured portion of the liquid, after the action of lem'iin undissolved. Filter and acidulate the 

the chloride of barium, and to calculate from filtrate with nitric acid to throw down the 

this result how much of the silver salt will be chloride of silver, which collect and weigh, as 

needed. A slight excess of it should alwa>s above In order that the chloride ot silver 

be employed. In using this process it should may dissolve freely, it ia important that the 

be reiiiembered that carbonate oi' silver is ammonia-water be added immediately after 

■lightly soluble in aqueous solutions of the al- tiie precipitation. Themixture should be kept 

kaJine carbonates. from the light. The process does not yield 

For Carius's metliod of estimating chlorine very accurate results, since more or less of the 

in organic compounds, see Nitric Acid, oxidiz- chloride of silver remains dissolved in the 

ing power of, and lodate of Silver. nitrate of ammonium, and is lost in the fil- 

Principle III. Reduction of to metallic trate. ^ In separating chlorine from met- 

silver bj' hot hydrogen. als, it often happens that the latter must be 

Appkcalinn. Kstimation of silver in chlor- thrown down by sulphuretted hydrogen before 
ide oif silver and of chlorine in pi-esence of the estimation of the chlorine can be pro- 
bromine, ceeded with. It is possible in that event, 

Method.' Set' Bromide of Silver. though not as a rule advisable, to add nitrate 

Principle IV. Reduction of by metallic of silver directly to the filtrate from the met- 

zinc. allic sulphide, and to dissolve out, by means of 

Method. See Silver and Silver Compounds, ammonia- wat«r, the chloride, of silver from 

Principle V. Beductfon of, by hot alkaline the mixed precipitate of chloride and sulphide 

carbonates. of silver. The process is involved, however, 

Applicationa. Separation of ohlorine from and the determination of chlorine less trust- 
silver. Estimation of chlorhydric acid in cer- worthy than it would be if the sulphuretted 
tain cases. hydrogen were removed in the usual way, by 

Method. Mix the chloride of silver with 3 means of ferric sulphate, before adding the 

times its weight of a mixture of carbonate of nitrate of silver. 

sodium anil carbonate of potassium, and isnite Principle VIII. Conversion into bromide 

the mixture in a porcelain crucible until the of alver by Bromide of Potassium ("Wittstein's 

materials begin to agglutinate. On treating Method). See Iodide of Silver. 

tJie cold mass with water, the metallic silver Propertien of Chloride of_ Silver. When 

will be leit undisaolved, while the alkaline reccndy precipitated, chloride of silver is 

chloride goes into solution. The chlorine may white; but on exposure to light it changes to 

then be determined in the manner described violet, and finally to black. A small amount 

above under Principle II. of chlorine Is lost during this transformation, 

Principle VI. Fixity when heated in chlo- and some dichloride of silver formed. Though 

rine. the change is superficial, it is attended with an 

AppUeaiiom. Estimation of bromine and appreciable kiss of weight. When the chloride 
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vhich has been darkened by light is treated 
with siiaiaoniit-nater, there is left nndiasolred 
a small quantity of iiietulUc silver, reBuldng 
from the ilecompoaition of the dicliloride. 

Oil drying, the chloride becomes pulverulent, 
and yellow-roloreil if strongly heated. It 
fuses at 260° t« a transparent yellow liquid, 
which solidifies la a white or yellowish horn- 
like mass on cooling. At high lieats it vola- 
tilizes unchanged. It can he easily reduced to 
tlie metallic sbile by means of zinc and iron, 
and by hot hydrt^n. coal gas and carbonic 
oxide, but not by ignition wiui charcoal. 

The fresh preci pitate has a peculiar curdy 
consistency, and its particles tend to coltere to 
lar|^ lumps when the liquid in which they are 
suspended is agitated. In onler to obtain per- 
fect coherence of the particles, and, as a con- 
sequence, a clear supernatant liquor, it is best 
to have a solution of silver slightly iu excess 
in the liquid. 

The precipitate is exceedingly sparingly sol- 
uble in water, and in dilute nitric and sulphu- 
ric acids, but ilissolves rather easily in chlorliy- 
dric acid, especially when the latter is hot and 
concentrated. From the solution in sti'ong 
chlorbydric acid, it is precipitat«d almost com- 
pletely on the addition of water. On being 
kept in contact wilh water for some hours, 
. even in the dark, chloride of silver decompoM^s 
very slightly, and becomes gray, more chlorine 
than silver being dissolved; in hot water this 
change is more I'apid, but it is alight in any 
event. ^ Chloride of silver is soluble in solu- 
tions of all the metallb chlorides which are solu- 
ble in water; also, to a certain extent, in solu- 
tions of various nitrates, especially when the 
solutions arehot and concentrated. It is readily 
soluble in various cyanides and hyposulphites. 
Concentrated solutions of caustic potash and 
soda decompose it, especially when they are 
hot. When recently precipitated, ammonia- 
water, dissolves it easily, but after having 
been kept ft,r a long time and boiled with wa- 
ter, it dissolves with difficulty (see also above). 
Solutions of the carbonates of potassium and 
■odium only decompose traees of it even on 
boiling. Chloride of silver is perceptibly soluble 
in viaria tartaric acid, but is less soluble in the 
cold. Both bromide and iodide of potassium 
transform it completely to Bromide or Iodide 
of Silver, as the case may be. its coiiiposi- 



^Vl 



Chloride of Sodium. 

J'rincipie I. Fixity at moderately high 
temperatures. 

Applinalions, Estimation of sodium in the 
hydrate, chroinate, chlorate, silicate, sulphide 
and carbonate of that metal, and in its salts 
with various oi^anic acids. Separation of CI 
from Pt. 

Method. See Chloride of Potassium. In 



separating chlorine from platinum, mix the 
solution of the platinum compound with a so- 
lution of carbonate of sodium, evaporate the 
mixture to dryness upon a water liath and fuse 
the residue in a platinum capsule. Dissolve 
out the chloride of sodinm with wat«r and es- 
timate the chlorine as Chloiide of Silver 
(ZeiUck. anatyl. Chem., 1870, 9. pp. SO, 31). 

Estimation of chlorine in orf/amc compounds. 
[Compare Chloride of Potassium]. In many 
easily decomposable oi^anic compounds, such 
fur example as the substitution products of 
acids, chlorine (bromine or io<line) may be de- 
termined by leaving the substance ibr several 
hours in contact with water and sodium amal- 
gam, until decomposition is complete, then 
acidulating with nitric acid and estimating the 
chlorine as Chloride of Silver (Rekule). 

Primnple 11. Sparing solubility in alcdiol. 

Applicaliont. Separation of CI from Br 
and from I. 

Method. See Bromide of Sodium, solubility 
of 

Principle III. Solubility in water. 

Applications. Estimation of water in or- 
ganic solutions, particularly in beer and in 
milk. Valuation of beer and of milk. 
Methods. 

A. Fuchs's hallymetric beer lest. Since 100 
parts of water at temperatures between 15° 
and 40° dissolve almost precisely 36 parts of 
pure chloride of soilium, it is possible to esti- 
mate the amount of water in solutions of many 
organic bodies by adding a weighed quantity 
of salt in excess to the aqueous liquid and 
afterwards determining the amount of salt 
which remains undissolved, time enoi^h Iwing 
allowed of course for the water to become 
saturated with the salt. Suppose, for exam- 
ple, it be found that 315 grains of salt have 
been dissolved by a pven sample of beer then 

the amount of water in the sample) . ^ Ha 
chief difficulty in the process Iei to estimate 
quickly and accurately the salt which remains 
undissolved. For this purpose Fuchs (Ding- 
ler's polytech. Joar., 1S36, 62, 309) employs a 
measuring tube about 20 c. m. long. At the 
top this tube is 4 c m. wide, but just below 
the middle it is contracted to such an extent 
that the loner half oi' the tube ik no wider 
than I c. ill. To make such a tube, two tubes 
of the different sizes must be liised blether, 
the larger tube being itrawn down sufficiently 
to correspond with the narrower one. The 
lower, narrow part of the apparatus is grad- 
uated so that each fine mai-k shall repre- 
sent one grain and each heavy mark five 
gnuns of moist chloride of sodium of the de- 
gree of fineness and compactness to be de- 
I'l.-ribed directly. The first tube of this kind 
must he graduated by means of powdered salt 
wet witli a saturated solution of salt, but af- 
inv one tube has been made copies of it may 
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be mul^plieil to auy extent, by means of quick- the beer be expelled. It is ttnW to set the 
lilver. — - For calibrating this hallymeter as flask in a dieh of wat«i', wliich is kept at 37* 
well as for the BubsiMnient beer tests, Fuche or 38°, and to shake it or rather twirl it about 
employ) uhemically pure salt of eocl> a degree from time to time. Only 6 or 6 minutes are 
of fineness tliat it ^il pass through a sieve really needed to complete the solution. At 
the holes in which are 0,0678 Paris lines the expiration of that time, cool the flask by 
broad aud 0.t)7&7 Paris lines long, the tltluk- immersing it in cold water, blotr & little air 
nesB of the brass wire beine 0,045» Pans lines, into the upper^part of the flask to expo! ear- 
To (;raduato the tube wragh out GOO grains of bonic aeid, wipe it dry and weigh it, the loss 
water, wliieh would he enough to dissolve 216 of weight represents approximately the car- 
grains of salt, add Co it 221 grains of salt or 5 bonie acid; id good Bavarian beer it will 
grains move than it can dissolve, and aa soon ajnount to about 1.5 grains. Then pour the 
as solution is omplete bring the mixture of contents of the flask into the measuring tube, 
■alt and liquor into the tu^, taking special taking care as befbi-e to lose no paftjcle of the 
care that no particle of the solid salt is lost. salt. If any of the salt clings to the side of 
The solution may be eflected in a small flask, the flask it may be washed out by pouring back 
and the salt transferred to the measuring tube some of Ihc liquor irotn tlie upper part of the 
by closing the flask with the tliumb, inverting measuring tube or by means of a saturated so- 
it and shaking the liquid until all tlie salt has lution of chloride of sodium. ^ Special cara 
fallen upon me thumb. On now holding the must be taken both in graduating the lube and 
flask over the measurius tube and loosening in measuring the undissolved salt, in an actual 
the thumb thu whole of lie salt will be washed experiment, to make the salt settle down into 
from the thumb into the tube. It will be obr the smallest possible space in the measuring 
served that the upper part of the measuring tube. To effect this, clasp the tube at the mid- 
tube which serves as a mere reservoir ibr liq^ die with the thnmb and curved forefinger of 
uids is made large enough to hold a consider- the left hand so that it may be supported in a 
able quantity. Ai sooi) as the salt is in the vertical petition and be free to move up and 
tube rap the' lattsr repeatedly against the ta- down, then with the thumb and finger of the 
ble in the manner described below, in order to right hand take hold of tiie very bottom of the 
bring the particles of salt to the proper d^ree graduated tube, lift the apparatus to a dis- 
of compactness; make a line mark upon the tance of about 0.25 inch above the table and 
tube and number it "S." Then enipty tjie let it drop back so that the bottom of the tube 
tube, wash it with water, dry it with slotting may strike the table with a shock. Repeat 
paper and repeat tiie operation so as to make this operation many times, working with such 
other marks eorresponding to 10, 15, 20, eti;. rapidity that the tube shall receive about 100 
grains, of salt. In each case the necessary ex- blows per minute. Take care to hold the tube 
cess of salt, over and above what 600 grains upright and to have the blows follow one 
of water can dissolve must be weiglied out. another with precision and r^ularity. After 
It will not answer to add fresh portions of about two minutes thrust a wire into the tube 
powdered salt to the liquid in the measuring and without actually stirring up the salt move 
tube, for the powder is not of uniform fineness, it about gently to expel any little bubbles of 
and since in actual practice the finer partieles air which it may have entangled. Then re- 
of the powder dissolve first while the coarser move the wire and continue to tap the tube 
particles ai'e left to be measured, these condi* against the table as betbre as long as the salt 
tions must be insisted on in the operation of continues ia sink upon itself. Tliis operation 
calibration., Fot the beer test, it wjU not be of settling usually consumes about 15 minute, 
necessary to make more than 7 or 8 of these When the salt has ceased to settle note the 
coarse divisions. The subsidiary divisions, mark and fraction of a mark upon the tube to 
each representing 1 grain of salt may be filled which its surface corresponds and proceed to 
in by means of a dividing luachine ; care calculate how much water the dissolved salt 
having cf course been taken in the first place represents, in the manner indicated above. 
to choose a tube of uniform bore for that part For the second experiment, which is to de- 
of the apparatus which is to be graduated, termine the extractive piatter in the beer, 
In testing beer two experiments are niade; weigh out 10(10 grains of the liquid in a flask 
the 1st, to detenniue the amount of water and and evaporate it in the flask to about one-half 
carbonic acid, and the 2d to determine tJie in order to be sure that the whole of the alco- 
amount of " extractive matteiv" in the beer, hoi has been expelled. It is well to heat the 
For the first experiment, weigh out (but do not ftask upon a sheet iron plate by means of ft 
measure^ 1000 grains of the beer in a small lamp, but the beat must be very gentle at first, 
flask, a<ld to it 330 grains of the powdered and lest the liquid boil over through the too rapid 
sifted salt, cover tiie flask with a glass plate escape of carbonic acid. If this catastrophe 
and counterpoise it upon a tolerably detieate threaten the flask should be immediately re- 
balance, lu order to facilitate solution and to moved from the fire and gently agifattid or 
expel carbonic acid, heat the flask carefully, twirled around. A rather larger fl.tsk should 
but not abovs 33° lest some of {he alcohd >B be taken for this experiment than for the first. 
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ClILOHIDE OF aoniUM. lOd 

After the first tempestuous escape of durbonic Aj)plicati<m. Indirect separation of K from 

at-iii is over the liquid will boil gently and may Na. 

bu left to itself. When half tie original iii|- Metluxl. The chlorides of the alkali metals 

uid lias evaporated remove the flask from the are easily changed to uitrates by moans of ni- 

fire, immerse it in cold water in order to cool trie acid. If enough nitric acid be taken » 

its contents, wipe it dry and by means of filter single evaporation to dryness will expel the 

paper remove any drops of water whiuh may last trace of chlorine. The converse process 

have condensed in its neck. Then weigh it of changing nitrates to chlorides by meani 

with its contents. Next pour into it 180 of ehlorhydric acid, is far more difficult. 

Sraina of the powdered salt and proceed to Tlie process consajuently^ consists in simply 
etci'mine how much of this salt is dissolved treating a weighed quantity' of the mixed 
by the liqaid, pi'ecisely as in tlie first esperi- chlorides with nitric a«!id in an evaporating 
meut By subtrantia'g the weight of water dish loosely covered with a watch glass, evap- 
Ihun fouud Iroio the weight of the concentra^ orating to dryness and weighing the residue. 
ted liquid weighed, the weight of the so called The calculation is as follows: — 
extractive matters is obtained. By subtract- Call the weight of the mixed chlorides S, 
ing water, extractive matters and carbonic and that of the mixed nitrates, obtained tliere- 
acid from Ihe mig^nal 1000 grains of beer tJie from, E ; the weight of the liCl in the mix- 
weight of the alcohol h obtained. — Ac- tare a and that of the NaOl &, then 
cording to Fnchs, the results obtained by this S = a-)-6; a^B — 6; and ft = S — a, but 
process are satisfactory and useful for the com- a grms. of KCl will yield 1.355 X « grms of 
parison of ditTerent kinds of beer. The sub- KNOgand 6 grms. of WaCi will yield 1.453 X S 
stances here classed as extractive, exert little ^rma. of NaNOj, for 
or no iiifldence upon the solubility of the salt Moieo.nt moIm vt. „ ,.„ ^ ^wn 
in water. The fchief merit of the method of "^jjj' ' ""^lun*' '* ™ ' ni'^i.atsi' 
course consists in its vapidity; the complete and 

examination of a sample of beer requiring moIec, wi. Mokr. »i. ,. Gnu. noci . Ghii.nokOj 

only about (wo hours time. Tables ^ving the Sucitsj - NsNObM ■■ i ■ i.«a 

amount of alcohol and of estraelive matter in hence 

1000 grains of beer for each grain of undis- „ , _.^ . J' "*. ' _. ? " ' . ., , 

solved salt wiil be found in FucL's memoir. fy substituting tor h, m this equation, its value 

Ji. Reinheies mUi test. Weigh out 1000 (.» — aj, we have 

grains (= 62.5 grms.) of the lailk to be tested, _-i,„„„„ ^^^ ■< a-t^ ijsa x (S a) - , 

add to It 324 grains (= 20.26 grms.) of chloi"- ""^"<^^ ,^^^ s - r - o.osb <-. 

idc of sodium llld 240 grains of a solution of and 

litmus saturated with common salt. The chief a = '-^^ ^~ ^ 

f the litmus solution is to color the ^p 

J that the undissolved salt can be seen chloride of Potassium 1= a = H.sa S — 10,3 K, 

and measured, but it is found also that the ad- Chloride of Sodium = 9 — (14.93 s — 10.2 it); or 

dition of tliis salt solution improves the con- Chloride "f Sodlnm =. 6 = Id.a r - 14.83 3. 

sistency of the milk and facilitates tlie deposi- Reckoning backwards, 

tien of the undissolved salt. After lime The Nitrate of Potassium X 0.7375=: the 

enough has been allowed for the salt to dis- Chloride of Potassium; and the Sitrate of 

solve in liie milk, the mixture is transferred to Sodinm X 0.6877 ^ihe Chloride of Sodium, 

the measuring tube precisely as in Method A, (Mohr, Zetlsch. analyl.. Chem., 1868. 7. 175.) 

sec above, and the experiment finished as Properties. Chloride of sodium is much 

there described. In one experiment, i grains less readily solnble in chlorhvdric acid than In 

of salt were foand to have remiuned nndis- water. It is neariy insoluble in absolute a1- 

solved. !000 grains of the milk had conse- cohol and only sparingly soluble in spirit. It 

quently <iissolve<l 324 — 4 ;= 320 grains which foses at a red heat wiUiout decomposition but 

are equivalent to 888.89 grains of wat«r, for volatilizes in white fumes at a white heat ; or 

w : iDo i' 39) t s88.Bg. at a bright red heat, when heated in an open 

The pci-centage of solid matter in the milk was vessel. Tt is less volatile, however, than cWor- 

conse<juently 100 — 88.90=: 11.10. An ex- Jde of potassium. In fusing salt, care must be 

periEnent made for tlie sake of control by the taken to prevent the flame from touching it, 

method of evaporation gave 11.03 solid matter for in that case some ehlorhydric acid would 

and 88.97 per cent water. The method seems escape and a little carbonate of sodium be 

to be as accurate as that in which the milk is formed through the action of cai-bonic acid 

mixed with a known weight of qoartz sand and water resulting from the fire. When ex- 

and evaporated at 106°— 110", and is of posed to moist air even pure salt will slowly 

course far more expeditious (Eeichelt, Wag- absorb a little water. Crystals of salt decrepi- 

ner's Jahresbencht Chem. Tech., 1859, 6. tate on being heated owing to tlie escape of a 

443), little moisture which they retain. To avoid 

Prininple IV. Decompo.sition of by nitric loss from (liis cause, careful drying is essential 

acid. (See (Jlilorlde of Putassiuni). On being evap- 
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154 CHLORIDE OF SULPHUR. 

orated with oialic or nitric Bcids, or ignited senic, antimony, mereurj, etc.. go forward 

with oxaliite of ammonium, chloridih of sodium with tlie chloride of sulphur, 'lliu chloride of 

1)eh»vi:K like chloride of potHSsiuiii. It cumpo- sulphur on coming in coiitBct with the water in 

sitiiju is the flasks is ducomposcd to cldorhjilric and 

c* = K.i m'jii hj'pofulpliurous aeids, with separation of some 

— — free sulphur. The hyposulphuroua acid decoin- 

„ ^1 poses again to sulphur and Bulphotous acid 

For i«e as a reagent, perfectly pure native „„d the latter is converted into sulphuric acid, 

rotk salt IS weU suite-i. Or, pure salt may be by means of the chlorine with which the water 

prepared, after Mai^uentte, as followsi—Pass and the flaaks is filled, so that the final prort- 

Chlorhydne acid gas into a concentrated solu- u^ts are sulphuric aeid and nioi-e or less free 

hon ot common salt as long as any of it con- sulphur, -ftie current of chlorine should be 

tinueslo be absorbed. Throw the small crys- slow from first to last, and the flasks as w^U as 

tals of salt, which are deposited, into a iunnel. ^he rest of the apparatus should be full of 

let theu. <lrain thoroughly, wash with chlorhy- chlorine before the contents of the bulb tube 

drie acid and finally dry them in a porcelain a^e heated. 

dish to drive off the last traces of free acid. At the end of the operation the sulphur is 
In drying salt before weighing It for the prep- collected upon a tared filter, washed, dried 
aration of standard liquors, it should not be and weighed, and the sulphuric acid is esti- 
fused, but Ignited moilerately, powdered mated in the filtrate as Sulphate of Barium, 
roughly wh ie still warm and placed in a The metals of any vohitile chlorides which 
weighing tube which ajlmits of being closed, have gone forward, may be estimated in the 
Pure salt will dissolve in water to a clear iiq- gitrat* from the Sulphate of Barium. The 
uid and die so ution will not become cloudy ■ ehloride which remains in the bulb tabe is 
when tested with oxabte o! ammonium, phos- weighed as such it It be ehloiide of silver. 
phate of sodium and chlor.de ol barium. <.h!oi-ide of lead Or any other fixe<l chlori.le, or, 
Chloride of Sulphur. if need be, it is dissolved in chtorhydric acid, 
pTvncipie. Volatility of. aqua regia or other snitable solvent and sub- 
Applkalion. Separation and estimation of jected to analysis. •-» In heating the bulb 
sulphur in metallic sulphides, especially those tube it is not necessiry to wait untifthe whole 
of complex comjiosition. of the fiirric chloride is expelled, in case any 
Melhui. Weigh the powdered sdphide in a be present; but care should be tnken M drive 
tolerably long, narrow, glass tube, closed at all the chloride of sulphur anil other volatile 
one end, so that the powder may be poured chlorides as far forward towards the water in 
therefi'om into a bulb tube without soiling the the flask as may be practicable. When the 
stems of the latter. Attach to one end of the bulb ha& become cold cut off its bent stem, and 
bulb tube an apparatus for generating dry in case the latter contains a portion of the 
chlorine and to the other a couple of 1^^ U volatile metallic chlorides, close it by invert- 
tubes or small flasks to serve as receivers of the Ing upon it a moisteneil glass tube closed *t 
chloride of sulphur. Fill each of the flasks one enil and leave It at rest lor 24 hours, 
about one quarter full with water, or if anti- When left in this wav the chlorides will slowly 
mony be present, with a solution of tartaric absorb moisture and dissolve without evolu- 
aeid in ililute chlorhydric acid. [Compare tion of heat. Finally rinse out the bent part 
the description of Limit's arrangement for ab- of the bulb tube with dilute chlorhydric acid, 
sorption in soda lye, below]. One end of the and gently heat the contents of the Hasks or U 
bulb tube should be bent so as to reach nearly tubes to expel the chlorine, before proceeding 
to the surface of the water in the first Hask or to collect the sulphur. The sulphur is apt to 
U tube. Beyond the last flask there should be separate in liquid drops. If need be, time 
an abduction tube reaching to the chimney or should be allowed for these drops to become 
into a large bottle loosely iilled witii pellets of solid before filtering, •— Compounds of the 
paper wet with alcohol, so that the excess of sulphides of arsenic, antimony or tin, with ba- 
chlorine may not incommode the operator. st<^ sulphides, may be decomposed in this way 
Beforeattaching the bulb tube t« the chlorine Jn the course of a few hours, but simple sul- 
generator wait until the latter and the wash- phldes such as those of lead, sliver, cop|>er, co- 
ing bottles connected witli it are completely bait, manganese, etc., require a much longer 
flill of chlorine. Pass a slow current of chlor- time and need to be heated far more strongly, 
ine through the bulb tube in the cold, until no Several days would be required to completely 
iiirther alteration of the sulphides is observed, decompose a fi^w. grains of sulphide of lead. 
Then heat the bulb very gently, taking care (Berzelius and Rose). 

also to keep the outlet of the bulb tube warm Instead of absoi'bing the chloride of sul- 

so that no volatile metallic ehloride shall con- phur in water as above, T-indt (^Zeilseh. analyt. 

dense in it and stop it. By the action of the Chem., 18G5, 4. 370) employs soda lye. Me 

chlorine the sulphides are corrtpletely changed heats the sulphide, moreover, in a porcelain 

to chlorides, most of which remain in the bulb, boat instead of a bulb tube. The apparatus is 

though volatile chlorides, such m those of ar- arranged as follows: — Blow two bulbs upon a 
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tolerably lnn|C glass lube, the dUmeter of 
whldi is siiffluieiit for the admission of a small 
pirtelaJn boat. One of the bulbs may be 
clusu to one end of the tube, but the other 
b:llb sboulil be six or eight inohes from th» 
end. Benil the tube close to the last men- 
tioned bulb at a right angle, taking eare to 
leivu the outer six or seven inches of the tube 
horizontril, for in that part of the tube the boat 
is stib.<e!iUBntly plueed. At a point 2 or 3 
inohud beiow the bulb in question, bend the 
tube again to a slightly aeute angle. At this 
stage of operations there will be the outer six 
or seven iiiehes of hoiMontal tube, say at the 
left of the bulb, then a short vertical tube, 
near the top of which the bulb is situated, 
»nd to tlie right of the bulb a length of 10 or 
13 inohus of tube s'oping upwards somewhat 
towiinls tlie light hand, and bearing a bulb at 
its outer end. Bend the tube once more close 
to thia outer bulb so that the bulb shall point 
upwni-ds and be in the SBino plane with tlie 
otlier bulb or rather a little higher than the 
la^,t^^r. Fix the tube in a wooden clamp »i> 
that the outer six or seven inebi* shall be hori- 
, zontiil, pour enough soda lye into tlie outer 
bulb to fill the tower sloiiing part of the tube, 
pusli the loailed porcelain boat into the hori- 
Koiital part of the tube and connect that ex- 
tremity of the tube with a chlorine generator. 
Attach also a caoutelmuc tube to the outer 
bulb to icad away the excess of chlorine. 
'ITie chlitride of Pulphur on coming in con- 
tact with the soda lye is immediately decom- 
pwed witli forniHtion of sulphide, hyposul- 

!hite, chloride and hypoclilorite of sodium, 
'he decomposition of the metallic sulphide is 
soon eoiiipieted, but it is well to continue to 
pass chlorine thi-ougli tbe apparatus lor a 
couple of lioiira, in order that some chlorate of 
so liiiin may be tbnned. Afier the porcelain 
boat lias been removed, wash out the liquid 
from tlie tube into a porcelain dish, evaporate 
to dn-nesa and ignite strongly to decompose 
the chlorate of sodium. No violent action oc- 
curs during this ignition and at its close all 
the sulphur will be found to be in the condi- 
tion of Sulphate of Sodium. Determine it as 
Sulphate of Barium. 

pro!oCMor\dB of Tin. 

principle. Heducing power of 

Applicaiionii. Volumetric estimation of Sn, 
Fe, rig, Cu. Pb. Mn, Co, Ni, CI. Br, Land 
ohramic, chloric, sulphurous and ferricyanhy- 
drlc acids. Indirect gravimetric estimation of 
protoxide of tin in pifsencc of the binoxide. 

Methods. See AiChromatc of Potassium, 
Chromic Acid, and the other acids above 
enumerateil; also Permanganate of Potassium, 
Ferric Salts and Iodine. 

The essential points of the process are either 
that a solution of stannous chloride is eon- 
TCrted into stannic chloride, by means of 
oxidizing solutions of known strength, or that 
an excess of a standard solution of 



chloride is added to the solution to be reduced 
and analyzed, and the portion of lie tin salt 
which has escaped oxidation detennined. The 
oxidizing' solution maybe ftiChromate of Po- 
tassium (after Streng and Penny), Pennan- 
f an ate of Potassium (after Schlagdenhauffen), 
ctdine in alkaline solution (after Leiissen), or 
Iodine, in iodide of potaSBium solution (after 

]. Chhiride of tin nfffiinst UChromate of 
Poltl.<iriiim, 

As will be seen under biChromate of Potaj)- 
sium, the oxygen dissolved in the water in 
which the analyses are ma«le has much influ- 
ence upon the 'correctness oi* the result. The 
action of this disiolveii oxygen is peculiar. 
It differs totally accoi'dii^ to circumstances. 
Thus while feiTous salts can be titrated with 
pi'Vinanganate of potassium without a particle 
of the oxygen in the water taking part in the 



„...,lation. It is wholly diffeiunt when si 
salt* (or sulphurous acid) are treated with the 
pennanganate. In tiie latter case almost the 
whole of the dissolveil oxvgen suddenly unites 
with the stannous oxide the moment tlie stan- 
nous salt and permanganate are mixed. The 
dissolved o.wgen seems, in fact, to he thrown 
into an active state at the moment when the 
permanganate acts upon a stannous salt, or 
upon BuiphurouB acid, while it remains wholly 
passive when other reducing agents are treated 
in itf presence with tlie permanganate. What 
is true of the permanganate is true of chro- 
mic acid, and trf neveral other reagents. 

As regards the stannous salts, experiments 
have shown that the oxygen dissolviii in wa- 
ter is rendered active, and that it unites with 
the tin in the oase of the foiiowuig oxidizing 
agents: — Chromic aeid and chromates, per- 
manganate ol potassium, chlorous and hypo- 
chloric acids, peroxide of hydrogfn and ozone. 
But that it remains inactive, and has no influ- 
ence upon tbe reactjun when tbe tin salt is 
oxidized with bromine, chlorine, hypochlorous 
a^iid, iodic acid, ferric or cupric chloride, or a 
solution of peroxide of lead (Lenssen and La- 
wentbal. JoMMi. piakl. C/ifijn.,'1862, 86. pn. 
1S3, 206, 2U). ^ It has been repeatedly 
shown that tiie influence ol' the dissolved oxy- 
gen in the titration of chloride of tin may be 
annulled or avoided by adiling a certain quan- 
tity of feri'io chloride to tiie solution, l^enssen 
and Loewenthal have eori-oborafed this observa- 
tion, and explain the. fact by supposing that 
SnClj and 2FeCl3 ilecompose one another to 
form SnCl, and aFeCL, and that the last 
named compound is really the substance that 
is titrated. By resorting to this artifice it 
becomes possible, therefore, to titrate stannous 
oxide with any reagent with which ferrous 
oxide can be titrated. 

The affinity of chloride of tin for active 
dissolved oxygen is so strong that, in the case 
of a mixture of iodine, chromic acid and dis- 
solved oxygen, the tin salt will unite with the 
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latter before proceeding to reduce tlie chromic reduce the ivashed oxide irith a standard solu- 

acid and iodine. The dissolved oxjgen be- tion of chloride of tin and titrate the excess of 

coiitus active only in presence of the sCannoiis the latter witli a standard solution of bithro- 

iialt and chromic acid. When the tin salt is mate. (Streng.) 

repUwcd bj- hypoBulphite of sodium, the oxy- 2. Chloride of TCj against Mercury Sails, 

gen remains inactive. Jit case the stannous Compare C, above. To cEtimate stannona ox- 

saLt to be oxidized by chromic acid is mixed ide when mixed with stannic oxide, determine 

with so much iodhydric acid that the chromic the total amount of tin in one portion of the 

acid is completely decomposed, there will be mixture; then dissolve another portion in 

a direct titration of the stannous salt with chlorhydric aeid, taking care to exc'lu<ie the 

iodine, and the dissolved oxygen will have no air, and drop the solution into a large excess 

active acticin. But if the proportion of iodhy- of mercuric chloride kept constantly stirred 

drio acid is so small that a certain quantity of and somewhat warm. Allow the precipitated 

chromic acid can exist in its presence, some i^iChloride of Mercury to stand for a long time, 

of the dissolved oxygen will become active, then collect and weigh it in the ubuhT way. 

since this activity is induced by the contact of One molecule of HgClj corresponds to one of 

chromic acid and the stannous salt. It ap- SnCI^ (H. Kose). 

pears, however, that the presence even of 3. i or the use of stannous chloride as an 

small quantities of iodhydnc acid tends to absorbent of free chlorine in Mitscherlich's 

diminidi the quantity of oxygen which be- method of organic analysis, see Chloroplati- 

comes active, while the amount of the latf«r nate of Potassium, power of decomposing or- 

incre»ses as the proportion of chromic acid or ganic substances. 

of the tin salt is increased, or as the water For use as a reagent, stannous chloride may 

contains more oxygen in solution. Similar be prepared as follows;- -Fuse a quantity of 

remarks apply to Oie oxidation of stannous metallic tin in a small porcelain dish, i-uiimve 

chloride by permanganate of potassium in tlie dish from the fire and rub the melted 

presence of chlorhydric acid. When chlorous metal with a pestle nntil it beeomm solid 

or hypochloric acid is treated with the tin salt Transfer the metal thus powdered to a flask, 

the dissolved osygen becomes active, no mat- throw upon it a strip of platinum foil or the 

ter whether iodhydric acid be present or not. cover ot a platinum emcible, pour in a quan 

But as.r^ards peroxide of hydrogen it ap- tity of strong chlorhydric acid and boii the 

pears that the presence of iodhydric acid pre- mixture under a hood until the evolution of 

vents the activity of the dissolved oxygen, hydrogen from the surface of the platinum is 

(Lenssen and Lcewenthal, loe. cit., pp. 193- observed to have become feeble. Take caro 

215). always to have the tin in excess. The pres- 

A. Far the estimation of Chromic Acid see ence of the platinmn greatly fiieilitate^the so- 
under that head. lution of the tin. Since chloride of tin must 

B. For the eslimatioit of Tin see biChro- always contain some free acid to be fit for use, 
mate of Potassium. it is best not to push the boiling until the evo- 

C. To tstimafe Mercury, dissolve the snb- lution of hydrogen has entirely ceased. 
In order to prevent the solution from absorb- 
ing oxygen from the air, it should be kept in a 

standard solution of protoCiiloride of Tin, wdl stoppered bottle contMning a number of 

heat the mixture until the mercury is reduced small pieces of metallic tin. Tnis remark ap- 

to the metallic state, and the metal has col- plies however, only to solutions which have 

lected into a ball- Decant the clear liquid not .been standardized. To keep a standard 

into a flask, wash the metallic mercury by solution Fi'esenius recommends the following 

decantation with water which has been boiled arrangement; — Place the bottle which is to 

to expel air, and estimate the excess of proto- contain the tin solution at the very coi'ner of a 

chloride of tin by means of one-tenth normal table and fit to it a caoutchouc stopper with 

solution of the bichromate, as exiilained under two holes. To one hole of the stopper fit a 

Chromic Acid. The presence of nitric acid is syphon, made ^ bending a gludS tube at two 

inadmissible. To analyze mercurous nitrate in right angles. The shorter arm of this syphon 

this way it must be first precipitated as Chlo- is straight and reaches almost to the bottom of 

ride by means of chlorhydric acid, and washed the bottle while the outer arm reaches below 

before' adding the solution of tin. Mercuric the table to a point considerably lower than 

nitrate can be decomposed by boiling with the bottom of the bottie, it is curved upwards 

chlorhydric aeid (Mohr, Tiirirmethode, 1865, at the end and closed with a piece of rubber 

1. 274). tubing compressed by a spring clip. By means 

S. To estimate Iron see Ferric Salts. of another tube bent at two right angles and 

E. To eslintale Copper see under Copper fitted to the second hole in the stopper the 
Salts, reduction of by iodide of potassium. bottle is connected with another smaller 

F. To estimate T^ad, Manyanese, Cobalt or though still tolerably lai^ bottle, and this in 
Nickel, precipitate the mi;tal as a peroxide turn with a couple of U tubes. The U tubes 
by means of « solution of bleaching powder, as well as the bottom of the bottle are filled 
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vritli fVc^ments of pumice stone saturated iritli tlie non^Tolatile chlorides in the bulb tube, pro- 
a, strongly alknline solution of pynigallic acid, vided lite heat to wh]ch the sulphide Is sub- 
When everything is ready, put a piece of glass ieeted has not been too strong. But if the 
tubing in the mbber connector at the outer heat has been too hijih, a very small quantity 
end of the syphon, open the clip and sack at of chloride of zinc will go forward with the 
the tube untif the syphon is full of the etan- volatile chlorides. (H. Eose). 
nous bldoride. Then close the clip and re- Meihml B. Compare pro^'i Chloride of Cop- 
move the suuklng tube. At the outer extrem- per (lisity of). In the analysis of difficultly 
ity of the last U tube there is a cork carrying combustible organic substances, such as chloro- 
a tube of rather fine bore so that the outer air form, which cannot be completely burnt in 
can communicate freely with the interior of oxy^n gas, by Warren's method, oxide of 
the apparatus; but as the pyrogallic solution zinc is a good material to complete the com- 
absorbs oxygen greedily, the vessels soon come bustion and absorb the ehlonne. Oxide of 
to contain nothing bat nitrogen. ^ To fill copper cannot bo used in this case, since at 
a pipette or Mohr's burett« with the solution, the nigh temperatures employed some dichlo- 
open the clip so that a few drops of the solu- ride of copper would be formed, which being 
tion may run to waste, then insert the point of insoluble in dilute acids would interfere wif£ 
the pipetf« in the rnbber tubv and open the the determination of the chlorine. ^ The 
1 p S nee the outer 1^ of the syphon apparatus required is described under Cldoride 
ea h far below the bottom of the bottle the of Copper, and the detaile of the method are 
1 q d w 11 fion into the pipette without any simUar to those there indiuated except tliat 
d ft Itj In case any of the liquid is to be there is no oxide of copper used, and that the 
t f rr dfoa beaker.aj^-shaped tubemaybe whole of the asbestos in the tube — both the 
t d n the rubber connector. In a bottle anterior and posterior columns, is mixed with 
thus p oteeted the tin solution may be pre- oxide of zinc. The asbettos and oxide of 



nchanged, for any reasonable length zinc are simply rubbed together ij 
oi time. It is well to prepare the pyrogallate and then packed into the tube, 
of potassium in the vessels themselves some grms. of the oxide will be enongh for the ar- 



time before the apparatus is put together, by bestos of the posterior column and 1 grm. for 

mixing concentrated potash lye with a solution that of the anterior column. At the close of 

of pyri^allic acid. the combustion all but a trace of the chlorine 

As a substitute for the forgoing arrange- will be found combined with the zinc of the 

innnt, Mohr (Zeilsck. analgt. Chem., 1869, 8. posterior column. The air bath may be kept 

118} simply pours a quantity of petroleum at 160°, or it maybe dispensed with aitiwether. 

into the bottle which contains the chloride of The process yields excellent results (Warren, 

tin, so that a layer of petroleum about 1 c. m. Proc. Americim Acad., 1866, 7. pp. 87, 89). 

Illicit shall float upon the surface of the liquid. CtllOrlmetry. 

The bottle stands at the comer of the table as A term applied to the valuation of bleaching 
before and is in like manner provided with an powder and analogous compounds — the so- 
upturned syphon tube for filling the burette, called " chlorides of lime, potash and soda, 
but at the t«p of the bottle there is now etc.," which are mixtures of the hypochlorites, 
needed nothing more than a perforated cork chlorides and hydrates of the respective metals, 
carrying a small tube for the admission of air The bleaching or disinfecting value of these 
when the outlet tube is put in action. substances depends upon the amount of chlorine 

For the methods of slandanUzmg a KoltUion of set free when they ai-e treated with an acid, 



w chloride see bichromate of Potassium, thus:- 

loiline, and the other substances against which uo, cisO; ciOi + shjso. = m>S0i + sh^ + ici, 

it is used. and this chlorine may be readily estimated by 

(iChlOridO of Tin. a variety of methods. See, for example, Ar- 

Principle. Volatility. senious Acid (oxidation by chlorine) ; Chlorine 

Applications. Separation of Sn from Co, (;oxidiziug power of) and power of expelling 

Ni, Pb, Cu, J^ Au, Pt. iodine from iodide of potassium, and Terro- 

Methods. Sue ter- and juin auiChloride of cyanide of Potassium; older methods of chlor- 

Anllmony. imetry are described under ifiChlorjde of Mer- 

Chloride of Zinc. cury and indigo. 

Principle. Fixity when not too strongly CnloHne is commonly determined as Chlo- 

heated. ride of Silver, or as Chlorine, by some one 

Applications. Separation of Zn from S, As, of the processes depending upon its oxidizing 

Sb, Sn and Hg (Method A). Estimaljon of power to be described immediately. [Sec 

Chlorine in oteanic compounds (Method B). tlio finding list in Appendix.] 

Method A. When a mixture containing sul- frincipte I. Oxidizing power of. 

phide of zinc is decomposed by chlorine, in Applications. Valuation of bleaching pow- 

the manner described under Chloride of Sul- der. Estimation of chlorine, hypochlorous 

phur or Chloride of Antimony, the whole of acid, sulphurous acid and hyposulphuroiis acid, 

the chloride of z\aii will remain behind with Separation of Mn from K, Na, Ba, Sr, C», 
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Mg, Al, Zn, Fe and Ni (see No. 7); of Pb 0.7831 grm. of the sulphate coiTCsponds to 

from K, Na, Ba, Sr, Ca, Mg, Ni, Zn and Cu 0.1 grra. of chlorine, for 

(set! No. 7); of Co from Ni, etf, Aoalvsis of sfs.so. + h,so4 + sci - r.,0,,330, + mc!, 

many high oxides, aui'ls and oxygunated uotn- ^g^ 

pounds, v^hbh evolve fhloiine when heated wioPsAioroa wi, of amoioo! 

with strong ohlorhydriu acid (see No. 4). 'itciji ' (FeSot+TA^sk " 0.1 ,x (=0.7101-). 

Valuation of binoxide of manganose and other To avoid eakulations, the operator may weigh 

, high oxygon eoiupouiids. out 3.1324 grms. (:::: 0.7831 X 4) of the sulphate 

Metiwih. and dissolve it, with ad<iition of a tew drops of 

1. For methodi <lep«.idli,E opon the •otion ''»"'" '"Iftane «<■», to tie volume of 200 e i. 
of oUorioe upon Antimonv, Ai^euie. iliChlo- ^0 c. c. of this solution (correspoudmg to 0.1 
ride of Meroury, sesquiOxide of Chromiooi, 8^"?- of chlonne) may then be taken out with 
end Indigo, lee theee .eveml .ub«t«nce.. • P'l«"« ''"• "I™"* ""h 150 to 200 c. c of 

2. Action of ctUoriM «P«« ftn-ous satis, water, and a suffieient quantity of ehlorhydno 
This principle, first suggested by Ualton, was !^oid for the titraUon Were it iiot for tlie 
reduoVl to praeilce by Grahaii, and iniro- inconvenience of .eighin. out a definite qn.n- 
duced into Germany by Otto. ■ It is often *"/ of iron wire, it woiildThe well to start with 
called Otto', proeei hj German writer., in »■«'«» ?"«• o' P"« "".""'C iron.-or, on the 
spite of repeated explanations by thU chemist, aaumptiou that tine wire contains 99.7 per 
that the process was not invented by himself ce-it of pure iron, take 0.6327 grm. of piano 

a; Provide a small, tolerably ling-necked wire,— and to dinoive it with the precautions 
dask, to which has been fitwd a two holed •'"'" en omed. The solution diluted lu 200 
caoutchouc stopper, carrying a couple of short C" c. would correspond to 0.1 grm. of chlorine, 
gUss lubes, oat'h bent at a right aiigle; weigh hke the Kilution of the aulphate. — Tins 
Set about 0.15 grm. of eleaS, fine iron wire ""H §"•■ very satisfactory results. Since 
(piano wire), and place it in the flask, to- it rwuires no standard solutions, it is partlc- 
Sther with a quantity of pure chlorhydric uhirly well adapted for occasional eaauunation. 
icld. Insert thi .topper, climp the flaik in f Weachuig powder, and to serve as a control 
an incMned position, and pass a slow current *or other prot^eiees of chlorimetry. A. a pro- 
of washed farbonic acid through the flask. "?"'.'•' every day use, however, it ba. far less 
Heat the acid until all the Iron has dlsolve.i, "iffiificance than was (ormerly the case, 
keen lip the eurront of carbonic acid until tlio ,?■ .Instead of the iotegoing process the 
flask has becuuie cold, then dilute the iron fdlowmg modification may be used. \\ eigh 
solution to the volume of 200 c.e.,and pour out about O.S grm. ed piano wire, dissolve in 
upon it, from a 60 c. c. burette, the Iredily chlorhydric acid, with the precautions above 
shaken solution of bleaching powder until the K";cni "^''tite the highly acid wilulion to 200 or 
whole of the fenous .alt iSs been convertoil 800c.e.,and slowly add to the liquid, rom a 
intn a ferric salt. To determine the point burotte, 50 o.c. of the turbid .ulution ol bleacll- 
when the oiidatlon i. completed, place a iuin- "'f pwder, while constantly .tirring the iron 
ber of drops of a solution of fiirricyanide of .ulutiun. Last y, deKirmme how much iron 
potassium ipon a white por,»lain plate, and. ""«'■" """dfed by moans of a .tandar, 
J. thii operation draw, lii it. close, take up "ol"""" ol biOhromate of Pomssinm, or ol 
upon a thin .las. rod a little of the Bquid Permanganate ol Potassmm By ..iibtracliiig 
uider exaininaBon, add it to one of the drops "['. ""»' " "J" Ihu,. fonod from the iveigllt 
of the terricyanide, and observe whether a ef iron taken, the weight of iion eqmvalentto 
blue pieelpllite is produced. Repeat this ''>' cUorine in tlie bleaching powder used will 
test alter each fresh addition of two drops of ^ obtained. Tlie process yields accurate 
the bleaching powder solution until the last """"! P'rOcnlarly when applied b> the valua- 
addition of liquid fails to yield any blue pre- "on ol chlorine water. Hypochlorite, must 
clpitale. Then note how many e. c. of the bo added very slowly to the iron solution, since 
bleaching powder solution have been expended, "">' B"' .o« chlorine very eatilv on coming in 
and oaleili:,. the chlorine by the proportion ^oniact with the acid liquor, » that there is 
wtofiatonu At wi of wtofFe danger ot losing Bome 01 the gas. According 
ofr.M ' ciMJ " ukm ■■ '■ toMnhr (rjiWrawMot/e, 1866, 3. I82),an aeid 

The turbid solution of bleaching powder solution of a ferrous salt can never ab-orb 
required should be prepared in tlie manner instantly all the chlorine vhich is brought n 
described under Arseuious Acid. ^ In- contact with it. The odor of chlorine tan lie 
stead of ferrous chloride the inventor of the perceived, moreover, in liijuors wliith still cuii- 
procesB employed pui'e crystallized fenvius sul- tain ferrous oxide. A certain aniouut ol timu 
jihate, obtained by dropping a hot, fresh solu- seems to be required for the ferrous salt tu A>- 
tion of clean iron in dilute sulphuric acid into sorb the oxygen or chlorine necessary (o con- 
twice its volume of aloohol. The eryntalliiie vert it to a ferric salt. — In exaiiiining 
preci|)itale thus obtained was waslieil with chlorine water, the latter should be leit in 
alcohol, dried between sheets ol' filttr paper, contact with the ferrous salt in a ttopjiercil 
and kept for use in tigbtly corked bottles, bottle Ibi- a short time, belbre proceeding with 
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1 measuring out chlorine wa- As applied to tbe valuation of bleaching 

tcr for analysis attach a tube, fitted with frag- powder this proc«BS has already Ijeen deturiUia 

mviita of moist, caustic potash to the lop of under arsenious ai'id. It may be enipioj'ed 

the pipt^tte. also for the valuatioo of biiiOxide of Manga- 

C. The bleaching ponder solution is mixed nese, Chroinat« of Pota^ium, Chlorate of 
with an axccse of a solution of ferrous chlo- FotaEsium and many other oxygen conipounds 
ride ot known strength and the amount of fer- capable of evolving ihlorine when iieated witii 
ric chloride formed is determined bv means of uhlorbydric acid. But in these rufes special 

frotochioride of tin ^s«e Ferric Salts), or by precautions must be taken in generating and 

yposulphite of sodium (see Ferric Salts), collecting the chlorine, f Compare Frinci^e U, 

Each ei|Utvalent of FeClg correeponds to oiie belowj. — A sitnplK forni of apparaiits for 

equivalent of CI, for absorbing chlorine in arsenite of sodium has 

F«cii + ci = recii. been described by Mohr (Tilrh-methoile, iSd5, 

D. The bleachinB powder solution is heated 1. 313). It may he prepared as follows; — 
with a mixture of alkali and freshly prccipita- Fit a two holed cork or caoutchouc stopper to 
ted ferrous oxide and the chlorine estimated an ordinary dask of about one litre capacity, 
as Chloride of Silver, precisely as in the anal- In one hole of the stopper place a (mail nar- 
ysis of Chlorates (by estimating the chlorine in row funnel full of rather smsll fragments of 
the residual chloride). The pi^oca's of course glass or porcel^n and in the other hole insert a 
gives only the t«tal chlorine in the substance tolerably wide glass tube, which shall reach al- 
analyzed (Stelling, Zt'Usck. analyl. Chem., roost to the bottom of the flask and also pro- 
1S67, 6. 33). iect three or four inches above the stopper. 

E. The bleaching powder solution is made Fliis tube though straight in the m^n should 
to act upon a solution of ferrous chloride and be bent slightly at a point above the stopper, 
tbe amount of ternc salt formed is estimated so as to incline somewhat (« one side and not 
by determining how much metallic copper the interfere with the funnel. Slip the ring of a 
Eolution will dissolve off Iroui a weiglied sheet spring clip over the projecting part of this 
or bar of that metal. See Ferric Salts (Runge). tube so that the clip ma^ hang there ready for 

F. To estimate the value of binoxiile of use. This lai^ ifask is to contain the solu- 
manganese, Otto heated a weighed tiuantity of tion of arsenite of sodium and serve as the re- 
tho powdered mineral with strong clilorliydric ceiver of the gaseous chlorine. To connect it 
acid in a flask provideil with a proper delivery with (he decomposing flask, bend another jjlass 
tube, led the chlorine evolved into the solution tube, of similar bore to the flrst, twice — at 
of a weighed quantity of ferrous sulphate and one acute and one obtuse angle. The little 
determined hon much of the latter had been flask which is to serve to generate the chlorine 
converted to ferric sulphate by the chlorine. is closed with a perforated cork of the best 

Another old way of valuing the binoxide quality. Tiirough the hole of this cork, push 

was to heat it with chlorhydric acid as above, that portion of tiie bent tube which is below 

and absorb the chlorine in milk of lime. The the obtuse angle; and by means of a rubber 

amount of chlorine in the nroduct waa then connector attach the other end of the bent 

determined by some one of the ordinary metli- tube, — that under the acute angle — to the 

ods of chlorimetry. straight tube which projects fi-om the absorp- 

3. Action oj irMorine upon ferrocyioiiile of tion flask. Take cure to arrange the rubber 

polaxiaini. Mix the solution of bleaching pow- connector so that it can be closed by means of 



' chlorine water with an excess of a the spring clip when necessary, 
rd solution of FeiTocyanide of Potas- grind off obliquely the lower enc 
, acidulate the mixture strongly with tube, which falls within the decoiupoBJng flask. 



chlorhydric acid and determine the excess of to facilitate the dropping of liquid from it. 

the ferrocyanide by means of a standard solu- When everything is ready a measured fjuan- 

tion ol' bichromate of Potassium. The opera- tity of a standard solution of arsenite of so- 

tion is flnished when a drop of liquid touched dium (see below) is placed in the laree absorp- 

to a drop of highly dilute terric chloride, upon tion ttask ti^ther with a considerable excess 

a white plate, no longer occasions any blue or of pure carbonate of sodium. The latter is 

green coloration (E. Davy. PhU. Mag., (4), poured tlirougb tlie chips of glass in the fun- 

21> -IM). According to Davy, bichromate of nel so that they may be left moistened with it. 

pot:)Ss>um is to be preferred to permanganate The oxide to be examined is placed in the 

of potassium for estimating the excfsa of feiTO- small Hask together with a quantity of concen- 

cyauidu, but Frescnius (^Zeituck. analgt. Cliem., trated chlorhydric acid, an<l the mixture is 

18(i3, 2. DS) ui^s that the titration may be boiled until die whole of the chlorine has 

made more conveniently with the permatiga- been set free and driven over into the absorp- 

nate- ^ For Gay-Lussac's method of using tion Jlask. h is sale to conclude that all the 

ferrocyanide of potMsium in chlorimetry see chlorine has gone over when the tube which 

Annates Cliim. et Pki/s.^ 60. 225. projects from the absorption flask fools dLi- 

4. Action of cklonne upon anenigtui acid tinctly hoi to the liand, and the pccu'lar noise 

and arsenius. Compare Arsenious Acid. of steam condensing in the liquid of the ab- 
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sorption fla^k is heard. During the earlier quantity of iodine whieli lias been set free by 
part of die decomposition most of the acid va- u>« cbloiine, while in the protesB noiy under 
por generated in the decomposing dask will consideration it is not the amount of arsunioiis 
condense in the siopina tulw which connects it acid which lias been oxidized that is deter- 
wiih the absoiption flask and tlio ii<|uid thus mined, but the portion ivhieh has been lefl^ un- 
formed will flow back into the decomposing acted upon. Tliis point has special signiG-' 
&isb. But as soon as the eloping tube has be- cancc according to Fresenius, in cases wliere 
come hot some chlorhydric iwid will pass over the amount of cbJorine tarns out to be less 
into the large flask, and by acting upon the than waa expected and where there is conse- 
carbonate of sodium will occasion a strong qucntly an undue excess of undecomposed ar- 
effervesccBce. To stop the process, remove the senile to be estimated. The errora of obseii'a- 
lamp from the decomposing flask and at the tion and those due to slight changes in the 
same instant close the rubber connector with composition of the standard arsenite solution 
the spring clip. Without opening the clip, go to impair the accuracy of the determination 
disconnect the bent tube from the absorption of the chlorine. 

flask, shake the latter and allow it to cool. 5. Action i)/ cklorine upon Mannous chioriile. 
Wash the glass chips with water as well as the Mix the chlorine water, or less conveniently ■ 
lower part of the tube throueh which the the solution of bleaching powder, with an ex- 
chlorine was ailmitted to the flask. Pour a cess of a standard solution of protochloridu of 
little starch paste into the tiask and with a tin, and. determine the excess of the latter by 
standard solution of Iodine determine how moans of a standard solutocai of biChroinate 
much arsenious acid remains undecomposed. of Potassium. For the uhjectiona to the use of 
Wo odor of chlorine should be perceived when protochloride of tin, see biChvomate of Potas- 
(he flask is opened. It is to be observed that slum. According to Mohr it is hardly possi- 
the straight tube in the absorption flask should ble to avoid the loss of some chlorine when a 
dip slightly beneath the surface of the solution solution of bleaching powder is added to the 
of arsenite of sodium With regard to the acid solution of chloride of tin. 
4]^uantities of materials to be used, it may be 6. Action of chloriite upon sulphites a/id iy- 
said that for 0.2 to d gim of hichromate of posulphUes. 

potassium Mohr places irom 40 to 100 c, e, of A, To estimate sulpAurous or hyposulphur- 

arsenite of sodium solution in the absoiption ous actds. Saturate the solution of the sub- 

llask. For tlie pitpiration ol the arsenical so- stance to be examined with chlorine gas and 

lution see AiTsenious Acid — See Araeni- warm the mixture. Pi'ccipitate and weigh the 

ous Acid also for thf. applicatun of the pro- sulphuric auid, as Sulpliato of Barium. The 

cess to the esthnaUon of low oxides such as process is specially applicable for the analysis 

AsjOj and FeO which are capable of being oxi- of sulphites which are wholly free from any 

dized by nascent chlorine. contamination of sulphuric acid. 

At first sight ft would seem to be easy to ap- B. To estimaia chlorine in aqueous solutions. 

ply the process to the estimation of chlorine in Mix the liquid under examination, which 

ordinary chlorides by beating the latter in the must be free from sulphuric acid, widi a 

decomposing flask with a high oxide (like slight excess of hyposulpliite of sodium in a 

MnOj or KjO, 2CrOa^ and sulphuric acid, bnt stoppered bottle, and leave tlie bottle for a 

the experiments of Mohr (Tiiriuitelhtuie, 18oo, short time in a warm place until the orlor of 

1. 317) go to show that the whole of the chio- chlorine can no longer be detected. Then 

rine cannot be expelled from the chlorides in heat the liquid to boiling with an excess of 

this way by a single distillation. Possibly pure chlorhydric acid in order to destroy the last 

permanganate oi potassium might do better portions of hyposulphite of soiliuin, filter off 

than the oxydizing agents above mentioned, the sulphur and determine snlpburic acid in 

A still less satisfactory result was obtained on the filtrate as Sulphate of Barium. Each 

distilling in the dry way a misture of chloride equivalent of sulphuric acid found will corrc- 

of sodium, binoxide of manganese and bisul- spond to 2 equivalents of chlorine. About 0.5 

phate of potassium. grm. of hyposulphite of sodium will be enough 

The method now in question has suffered to take ibr 30 grms. of chlorine water (Wicke, 

somewhat from a prejudice ill favor of the Annaien Chem, und Pkarm.,Q&. ilQ). 
somewhat analogous method of Bunsen (see C. 2o estimate the total chlorine in a mixture 

below, Principle II) in which iodide of potas- of free cklotine and chMtydria acid or a chlo- 

simn is used to absorb the chlorine. It has, ride, mix a we^hed quantity of the liquid 

however, the distinct merit of requiring no widi an excess of sulphurous acid, acidify the 

large quantity of expensive materials and is to mixture with nitric acid and throw down the 

be commended in cases where the amount of whole of the chlorine as Chloride of Sdver. 

chlorine to be estimated is comparatively In another portion of the original liquid esti- 

large. Fresenius has urged also that the in- mate the free chlorine by means of iodide of 

direct character of the process must not be potassium or in some other appropriate wiiy, 
lost sight of. In Bunseu's process, with the D. For estimating lite value of Metidiing 

iodide of potassium, we determine directly the powder, Fordos & Gelis proposed to subsfi- 
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tute a atantlard solution of hyposulpLite of is evolved into a mixture of sulplniroiis atid 
sodium for the Arsenious Acid employed by and chloride of barium, collect and weigh the 
Gay-Lussac. The standard solution was pre- Sulphate of Barium fonucd, and from its 
pared by dissolving 2.77 grms, of the hypo- amount Calculate that of the binosido. The 
sulphite in water and diluting to the volume of detdls of the process are as follows: — Prepare 
1 litre. 8ueh a solution neutralizes its own a not too concentiated aqueotis solution of 
volume of chlorine and is equivalent to the chloride of barium, acidulate it with elilorhy- 
arsenieal solution of Gay-Lussac. For an dric acid which has been so much diluted that 
analysis, 10 o. c. of the standard solution of it will not throw down any of the chloride of 
hyposulphite were placed in a beaker, diluted barium, and lead sulphurous acid into the liq- 
with 100 e. c, of water, auidulated, and uid until the latter smells stronglj' of the gas. 
colored blue with a few di-ops of a solution of Vat tlio liquid aside in a tightly stoppered hot- 
indigo. The solution of bleaching powder tie imlil it has deposited any precipitate due 
was then poured into the beaker from a bu- to the presence of a little sulphuric acid. On 
i-ette, in the manner described under Arseni- the other hand fit to a flask, by means of a 
ous Acid. The blue color is but slowly de- perforated cork, a deliven' tube bent at two 
stroyed so that the operator has plenty of time right angles. Place in the flask a weighed 
to observe the change. The process has the. <iuanljty of the binoxide of manganese, cover 
great disadvantage that a fresh supply of the it irith strong chlorhydric acid, cork the flask 
standard solution must be prepared for each and support it in sudt position that the long, 
set of experiments. The reason for diluting outer limb of the delivery twbe shall reaeh 
the standard solution of hyposulphite before into another flask charged wi^ the mixture of 
adding the bleaching powder is to avoid the chloride of barium and sulphurous acid. This 
precipitation of sulphur. Jt was uiged as an second flask should be partially closed by 
advantage of the process that the hyposulphite means of a loosely fltdng cork. Heat the mix- 
would be acted upon by any thlonte in the ture of manganese and acid moderately, until 
powder while arsenious acid would not be oxi- no more chlorine is given oft', or until the ox- 
uizcd thereby. ide of manganese has all dissolved, and the 

D. Agravimelric method of estimating the brown color of the liquid in the flask has dis- 
value of bleaching powder based upon the oxi- appeared, then boil the liquid for a short time 
dation of hyposulphite of sodium by the chio- to drive the last traces of chlorine out of the 
rine of the powder has been proposed by flask, taking care that it does not boil over. 
Duflos, and afterwards by Ncellner (Annaien Finally tip the flask so that the outer limb of 
Chem. wid Pliarm., 05. 1X3). The oxidation the delivery tube shall be lifted out of the 
was supposed to be effected in accordance chloride of barium solution, remove the lamp, 
with the following equation: — wash tlie end of the delivery tube and cork 

BssO, SaOi-r»HjO + sci = SHj80i + MJBCi + BHC!. the absorption flask. The liquid in the bottle 
According to Neellner, 1 grm. of the bleach- must still smell strongly of sulphurous acid at 
inff powder is ground up witii 2 grms. of hypo- the close of the experiment. — To collect 
sulfJute of sodinm in a mortar, the mixture is the sulphate of barium tlie mixture may either 
washed into a flask and the solution warmed be lefl^ to settle and then be filtered, out of 
ui>on a steam hath, 'line excess of the hypo- contact with the air, or the contents of the 
sulphite is decomposed with chlorhydric iicid absorption flask may be boiled to expel the 
and the liquid warmed until it has become excess of stdphurous acid, as soon as the chlo- 
clear, and die sulphur has collected in drops, line has all been absorbed. It is a defect of 
The liquid' is then filtered, and the eulphurie this method that access of ajr can easily con- 
acid determined as Sulphate of Barium m the vert some of the sulphurous acid into sul- 
ususii way. Manifest objections to the pro- phuric, but on the other hand it is applicable 
cess will be found in the liability of hypusul- in cases where the manganese is contaminated 
phite of sodium to contain some sulphuric with oxide of iran, carbonates of the alka^ 
acid, and of chlorhydric acid to contain a little line earths, etc. An error in weighing the 
chlorine. The operations <k (yashing and . sulphate of barium, moreover, is diminished as 
weighing the sulphate ol" barium are, more- regmds the binoxide. "When caretuily con- 
over, tedious, and not wholly free from diifi- ducted, the process yields tolerable results, 
culty. The accuracj- of the method has, (Duflos; Ebelmeu.) 

moreover, been called in question by Knop 7. Actiun of e/iknine upon sails of man- 

(Pharm. CentraSilaU, 11)65, p. 656), and dis- ganese, cdbalt aaid lead. [Compare Bromine.] 

proved by Friinenius. The latter found tliaC A. To separate manganese from the alkali 

the results of (he process differed considerably, metals, saturate the chlorhydric acid solution 

accordingly as more or less hyposulphite of of the substance with chlorine gas, and pre- 

sodium was used. cipitate Hydrate of Manganese by means of 

E. To eslimale the value of hinoxide of carbonate of barium, or less completely by 
vumgojnese and the like, treat a weighed quan- aimnonia water. The process may be em- 
tity of the finely powdered dry mineral with ployed also, in certain cases, for separating 
chlorhydric acid, lead the chlorine gas which manganese from the alkaline earths, though it 
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is inferior to lie method in which manganese the solution almost to boiling in a bealior, and 
IS thrown down as tinoxide, see below, be- stir into it strong cblorino water [or better, 
cause portions of the alkaline earths are liable Broniinw] until the mixture smells strorgly of 
to fall in combination witii the hydrate of man- chlorine after thoMiiKh stirring. In case the 
^mese. — For separating manganese an<l ehloriiie water contMns much chlorhyilric acid 
cobalt from nickel, place the chlorhydrii: acid neutralize the latter with a little carbonate of 
solution in a capacious ffoak and dilute with sodium. The operation Is known to be cow- 
water, in such proportion that there ahall be plete when the liquid , after the deposition of 
about 1 litre ctf solution for 2 ftrms. of the tlie black or dark brown precipitate, remains 
mixed oxides. Saturate the liquid with chlo- colored red, from the presence of permanganic 
rine ffis, and bi>c to it that the upper part of acid. Bat this coloration cannot be obtained 
the flask above tfae litinM is fuil of chlorine, unleig tlie liquid has been made almost neutral 
Add an excess of elutriated carbonate of eal- with carbonate of sodium before adding the 
cium, leave the mfatture in the cold for 18 or acetate. To destroy the permanganate add a 
24 hours, shaking it as oflien as may be con- very small quantity of alcohol to the still 
Tunient, and finally filter the mixture. The warm solution aiVer the precipitate has been 
whole of the nickel will pass into the filter, allowed to settle for the most part. Wash the 
together with some traces of cobalt, while die precipitated oxide thoroughly with hot water. 
hydrates of manganese and cobalt, together It is of varj-ing composition as regards the 
with the excess of carbonate of calcium, wilt proportion of oxygun, and is liable to retain a 
be left- upon the filter (H. Rose, Pogg. An- curtain quantity of soda, so that after having 
liolen, 11. s45, and 110. 412). Instead of otice been %mtcd and reduced to manganite' 
chlorine, D. Smith uses a dilute soluiion erf of masganwe it may, on fiirther ignition, in- 
bleaching powder, which has been so com- creas:; in weight through absorption of oxygere 
pletely decomposed with sulphuric acid that t<y form luanganate of sodium. ^ In case 
no particle of hypochlorite remains in it. If the solution to be analyzed contains any larg* 
there were any hypochlorite present, some proportion of salts of ammoninm, these eom- 
niekel would go down with the oxides of man- pounds must be destroyed by boiling with 
ganese and cobalt. Bromine is a stiU better carbonsite of sodium before proceeding with 
exidizing agent, as Henry has shown. the oxidation, for the manganese cannot all 
To separate manganese from iron and nickel, be thrown down by chlorine in presence of 
and from the metals of the alkaline earths, ammonium salts. For this reason, ammonin 



jiasB a current of eWorine through a dilute water cannot be used instead of carbonate of 
acetic acid solution of the substanceror better, sodium for neutralizing the origical acid so- 
through, a mixture of the chlorides of the lution. 

metals and acetate <^ sodium. If the sub- B. To separate lead from alkalies, alkaline' 
stance is in. the form of a clilorhydric acid earths, magnesium, zinc and nickel, dis-olve 
solution mix this solution with enough acetate the mixture in acetic acid, heat the liquid to 
of sodium to decompose t&e chlorides and bind 50° or 60°, and lead chlorine gas into the 
the free ehlorhydric acid. The presence of liquid as long as any binOxide of Lead eon- 
acetic acid does not prevent the precipitation tinucs to fall. The precipitation is soon fin- 
rf the SinOxide of Manganese. Since cobalt ished. In case the original solution contains 
would be partially precipitated in thi& way as free clilorhydric acid, nearly neutralize it with 
well as manganese, it must be excluded Irom carbonate of sodium and add acetate of so- 
the solution (Schiel, Ameriean Joui-n. ScL, dium to deconjpose the chlorides. The pro- 
1853,16. 275; Compare Rivot,. Beudant & cess is not applicable to the separation of lead 
Daguin, CmnpJe^ jRera/iiB, 1868, p. 8S5). from iron, cobalt and manganese. (Wrot, 

According to Fresenius tlie solution should Beudant & Dagiiin, Jtim-n. prakt. Chem., 61. 
be heated to 50° or 60° during the passage of 1.S6.) According to H. Kose, though chlonne, 
the chlorine. Instead of chlorine gas, a solu- when made to act upon chloride of lead and 
tion of hypochloroua acid or of hypochlorite of sulphate of tead suspended in water, can eon- 
sodium may be used, tiut in case the latter is Tert them into the biuoside, there- will alwap 
employed take special care to keep the liquid be traces of chloride of lead, and ki presence 
acid, with acetic acid. The pi-ocess is held in of sulphuric acid, a comparatively large pro- 
good esteem, but Fresenius finds that the bin- pca-tlon of sulphate of lead in the bmoxide 
oxide of manganese precipitated in this way obtained as above. Tlie binoxide, therefore, 
retains a certain amount of alkali, . He ree- cannot be weighed as such, but must be con- 
ommeuds that it be redissolved in ehlorhydric verted into sulphide of lead. ^ Tlie bin- 
acid and thrown down, as Carbonate of Man- oxide of lead, moreover, always cari'iea down 
ganese. larger or smaller quantities of the other oxides 

H. Base directs that the solution to be oxi- from which it is to be sepitoitcd, notably oxide 

dized should be concentrated, or at all events of zinc, and must consequently be redissotved 

not too dilute. In case it is strongly acid neutra- and again treated, to efi'ect a complete sflp- 

lize it almost completely with carbonate of so- aration. 
diutnbeforeadding the acetateof sodium. Ucat C. Cobalt can be precipitated in the same 
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'way m mnnganeee from hot eolations slightly expense of the copper; unless, indeed, the 

aoiiliilatBd with acetic fiei<!. It is well to add amount of ferric oxide he determined In a 

from time to time a few drops of carbonate of separate portion of the mineral, and subtracted 

Eodiuin and clilorine water, until Che solution Irom the first retiult. To this end neifih out 

smelh of chlorine. For the treatment of tlie as much of the sample as was taken for the 

precipitate see Hydrate of Cobalt. first trial, boil it in an open flask with nn ex- 

8. Action of chlorine Kpon copper. Chlo- cess of ehloriiydric acid until no more chlorine 

rine can be estimated indirectly in aqueous is evolved, then plaee a weighed strip of cop- 

solutioHS bj- placing iti the latter a weighed per in the flask, close tiie lafter with a 

quantity of some metal like copper, which perforated cork, and proceed as in the first 

unites with chlorine to torm a solnble chloride, experiment. 'JTiis process has the merit tliat 

notinn; the loss of weight of the metal, and it may fae applied witliout trouble to the valu- 

caleuFatinf; therefrom the amount of chlorine, ation ^of manganese which is contaminated 

TJiis principle has been applied to the valua^ with carbonates of the alkaline earths, 
tion of bleaching powder (Sunge) and of 9. Action of ehhritie upon organic coloring 

binoxide of manganese (Rckentsclier, Jown. matters. See tbe various coloring matters. 

prakt. Chem., 17. 173). The process, as re- The old method of chlorimetry depending 

Mrds binoxide of manganese, is as follows; — upon the decoloration of Indigo will be de- 

Weijih out 3 or 4 grms. of finely powdered, scribed under that head. A method of testing 

dry hinoxide of manganese, and place it in a the value of indigo, devised by Schlumberger, 

flask to which has been fitted a perforated is as follows; — Powder the several samples of 

cork carrying a narrow glass tube. Pour some indigo which are to be compai-ed, as described 

water upon the powder, and place in the flask under Indigo, weigh out precisely 1 ftrm. of 

a strip of brightly polished, not too thin, sheet each sample and 1 grm. of }>ure indigotine, 

copper, wliich has been aceuratelj' weighed. obtaiue<l by collecting the sublimate of indigo 

It should weigh about 80 grms. Then pour vats, and washing it first with acidulated wa- 

into the flask as much strong chlorhydric acid ter and then with pure water; dissolve tlie 

as may be necessary to dissolve the manganese, samples in fuming salphurie acid, as described 

and put tlie cork into the neck oi the flask, under biChroraate of Fotai^sium (action upon 

Let the mixture stand fur some time in the coloring matters), luid dilate the solution to 

cold, then heat it until the manganese has the volume of I litre. By means of a marked 

dissolved, and finally boil tlie lii^uid for some pipette transfer 60 e. c. of tbe solution to a 

tjme. At the moment of removing the lamp glass cylinder, and pour into the blue liquid, 

close the tube in the cork with a pellet of wax, from a graduated pipette, successive 2.5 c. c. 

During this process of dissolvinj; the manga- portions of a solutiiin of bleaching powder 

nese no trace of chlorine should be evolved, marking l''B, until the bine color is totally de- 

TTiis accident may occur in case the mixtm-e sti-oyed. To determine the excess of chlorine 

is heated too quickly, or when very strong thus added, pour a quantity of tbe indigo 

chlorhydric acid is employed. After the flask solution in question into a burette, and pour it 

has become cold take out the strip of copper, thence into the liquid in the cylinder until a 

wash it thoroughly with water, dry it and greenish tinf pervades the liquid. It is well to 

weigh it. From the loss of weight wliich the verify the results of the first trial by means of 

<rop|ier has undergone, calculate the amount of a second experiment. The calculation is as 

real binoxide in the manganese examined. follows: — Suppose tliat S c. c. of the chlorine 

The ciichloride of copper formed dissolves in solution have decolorized 69 o. c. of the solu- 

pRi*t in the excess of chlorhydric acid, and is, tion of indigo, viz.. the 50 c. c. first taken and 

' ' -I - — T--.. .. .1 I as 9 subsequently added from the burette. 

h m tall h other hand, let it be admitted that of 

Ih d I te th ludon of pure indigotine, 46 c. c. cor- 

m d t ly rt p ded to 6 c. c. of the chlorine solution, 

f tl 111 
be rel t td h 400.0. of IndrgoUne solution -69 c.c. of the 

t ted I t f sum , heae 69 e.o. will contain 0.M6 grm. of inr3igi>. 

pi d th fl k h th 59 040 -™0OO:x(£'«ieVre indigotine inlgrm.of 

d b1 d i ppt, I bl tJie sample). 

] ^ li tl 1 gi es Tb jTOcees was formerly esteemed, hut is in- 

t Its, 1 J 1 e- ent because of the instability of the 

I p irp tl h ff I t of bleaching powder. It is of course 

L 1 1 1 t, 11 ppc w II SB 7 f o detei'inme the vilue of this solu- 

1 d ac d h t giinst pure indigotine in each series of 

! d I t ppl bl f p inents. It is impossible, morCi 

b dfmcrsewll d losing some chlorine at the 

,, 1.. _ IS J.J. g||]j[{ion ( 
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t with the acid liquid. A belter method 
I ibed under biChi'omate of Potassium. 



yGoogle 



Ib4 OHLOEINE. 

(St;huteenberger'3 Mati^res Cdormiles, 1867, chlorhyilric acid, the flask is then conueeted 

2. 558.) with the remainder of the tipparatHB and its 

Principle TI, Power of decompoBing iodide contents hea.ted — at last to boiling — until 

of potassium wid other metallic iodides. the whole of the chlorine has been driven over 

Applications. Estimation of chlorine and into the iodide of potaaauin. Take care to 
of hypochtorous acid; of iodine and iodhydiic shake the flask which contains the latter (Hi- 
«cid. Valuation of blenching powder. Sep- caaiouallj. The erapty chloride of caleiiiiii tube 
aration of chlorine, bromine and iodine from serves to condense a gixid part of the acid 
one another^ Analjrsis of manf oxides, acids vapors, and to return theui to the deconipos- 
and ojygenated comjiounds whith evolve ing flask. Finally pour the iodide of potas- 
ehlorine when heated with strong chlorhydric sium sdtition into a Iwakcr, together wiUi the 
acid [Compare Arscnious Acid, Iodine, bi- rinsings of the vessels which contained it, and 
ChromatB of Potassium, PernianganatJj of estimate the free Iodine by means of a stand- 
Potassium, binOxide of Manganese, and the ardsolutionofhyposulpliiteof sodium. ^ Tlie 
various high Oxides]. proeess is exceedingly accurate, and is to be 

Method A. Bring ihe chlorine, either in recommended in ail cases where the quantity 

the gaseous form or in solution, into contact of chlorine to be estimated is but smidl. It is 

with ah excess of a solution of one part of less convenient, however, when any coasidera- 

iodida of potassium in ten parts of water, and Mb quantity of chlorine has to be set frue. 
determine how much iodine has been set free To estimate the value of bleaching powder 

b^ the chlorine, by means of a standard solu- by this process, pour 10 c. c. of the turbid 

tion of hyposulphite of sodium or sulphurous solution of bleaching powder, prepared as 

acid ("see Iodine). £ach atom of iodine found described under Arsenious Acid, p. 44, into a 

corresponds to one atom of chlorine. Chlorine beaker, add about 6 c. c, of a solution of Iodide 

water may be simply allowed to flow from the of Potasaimn (1 part of the salt to 10 parts of 

pipette into an excess of the iodide of potas- water), dilute the mixture with about 100 c. c^ 

sinm solution. If the latter be not present in of water, acidulate with chlorhydric add and 

eufflcient excess, a persistent black precipitate estimate the Iodine, which is set free, by means 

of iodine will be formed. Chlorine gas, on of hyposulpbile of sodium or sulphurous acid, 

the other hand, as obtained by the action of Each equivalent of iodine found represents an 

concenteated chlorhydric acid upon any high equivalent of chlorine. This method yields 

oxide (compare Arsenious Acid, oxidation of excellent results, but is less eniployed than the 

by nascent chlorine), must he set free in a, processes fiir which only cheap materials are 

flask or retort, and carefully led into the solu- required (see Arsenious Acid and Chlorine, 

tion of iodide of potassium in such manner above). (Bnnsen.) 

that none of it snail be lost. To this end Method B. When chlorine water, or a so- 

provide a small fiask, free from any projecting lution of hypochlorite of sodium, is added to 

rim or lip, and by means of a sufficiently wide the solution of a metallic iodide, the iodine 

caoutchouc tube connect it with an empty, eipelled from combination with the metal, 

bulbed chloride of calcium tube of the same unites with chlorine to foiTa pentachloride of 

diameter as the neck of the flask. The caout^ iodine. Hence, by employing a standard solu- 

chouc connecter should be thoroughly boiled tion of chlorine and a proper indientor, to 

in dUute potash lye, and afterwards ' well show when the last particle of iodine has been 

washed witti water to free it from adhmng combined with chlorine, the amount of iodine 

sulphur. When everything is ready, elamp in any compound can readily be determined, 

the tiask in an inclined position, so that any Golfler-Bcsseyrc employed starch paste as the 

liquid condensing in the bulb of the empty indicator, but A. ana F. Dupr^ (^Annalen 

chloride of ealcium tube could run back into Chem. itnd PAorm., 9jt. 3C5) have improved 

the flask, and by means of narrow glass tubes upon that su^estion, and employ as the indi- 

and short rubber connecters freed from sul- cator chlorofoi'm, or bisulphide of carbon both 

phur, connect the outer end of the chloride of of which substances ai'e colored inti-niely vio 

calcium tube, with a small flask cimtuning let by free iodine, as well as by all compounds 

iodide of potassium, to which is attadied a of iodine and clilorine which contain ks« than 

U-tube likewise charged with the iodide Both 6 atoms of the latter to one of the formei 

the vesseb which contain iodide of potassium element. *— There are two ways of pro 

should foe placed in a dish of cold wal«r, and ceeding; — rAe^raf toay is as follows Prepare 

the tube wbieh delivers the chlorine gas should some highly dilute chlorine water and de 

not be allowed to reach quite to the sui'face of t^'mine its strength by means of n solution of 

the solution of iodide in the receiving flask, iodide of potassium, as explained above, under 

A weighed quantity of the substance to be Method A. Weigh or iseiisure out a quantity 

examined (such as binOxide of Manganese, of the liquid to t^ examined; pour it into a 

Chroinate of Potassium, or other oxygen com- glass stoppered bottle, and add to the mixture 

pound capable of generatinjj chlorine with a few grms. of pui'c chlurofoi^m, or of recently 

chlorhydric acid) is placed in the decoinposing distilUd bisulpliido of carbon, free from sul- 

llask, together with a quantity of concentrated phur and sulphuretted faydrogtin. llie quaJi- 
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CHLORINE, IbO 

tity of material taken for analysis ought not of bronule of potassinm to 13000 parts of 

to contain much more than 10 m II 5;rmi of water pentabromide of iodine wili alone be 

iodine. Pour the atandan! (hlorine solut on formed In j resenee of bisulphide of carbon 

from a burette, drop by drop into the bottle the eorabtnation of lodmc with bromine to 

shaking the latter sharply atter each a Id tion form IBr is marked bj a. change of the violet 

until the violet color of the chloroform or the color of the liqmd to yelloivish brown, while 

bisulphide just disappears; 6 atoms of chlorine the fonnation of IBr^ ia mnrked by the change 

consumed correspond to 1 of iodine. Or, still from violet to white. — In presence of a 

more simply, determine the value of the dilute bromide, consequently, proceed as follows: — 

chlorine water, in the first place by making it Try, in the first place, whether the color will 

net npon a known quantity of iodide of po- change &om violet to white by adding some 

tassiuro, — say 10 c. c. of a standard solution bisulphide of carbon, and then gradually cWo- 

contaiuing O.OOI grm. iodine in each cubic rine water, to a portion of the liquid to be 

centimetre. It may then be employed at once analyzed In ca'^e the color does not thus 

upon the liquid to be examined; tlie amount of change dilute the liquid to the nuLessaiy do 

chlorine consumed npon the known weight of gree, and to make quite sure ad 1 half as much 

iodide of potassium being to the iodine therein again w^ter as would be striUl) require 1 

cont-wned, as the quantity used in the analysis Then proceed sji above de>ii.ribcd as if no 

of the substance under examination is to X. bromine weie piesent The pro ess yields 

The point of disappearance of the violet satisfactory results and ii particulail* useful 

color can be hit with great precision. In Ibr determining small quantities of iodine in 

cases where so much iodine is present that it liquids highly charged with chio idcs and 

can itself color the aqueous liquid perceptibly, containing not t)0 small quantities if bro- 

it is best not to add any chloroform or trtsul- mides. [Co npire the analogous principle 

phide untjl the brown iodine coloration first below, in winch clilonne is made to decompose 

proiluced in the liquid has been nearly de- bromide ot potassuni] 
stroyed by the further addition of chlorine. The foregoing process may be applied to the 

Since this way of proceeding Is inadinissable separation of ^orine, bromine and iodine, 

in presence of substances liable to be acted from one another as follows: — In one portion 

upon by free chlorine or iodine, — such, for «i- of the liquid throw down Bromide, Chloride 

ample, as the oi^nic matters with which the and Iodide of Silver all together, collect and 

mother liquors which contain iodine are usu- weigh the mixed precipitate, and by means of 

ally contaminated; — the second wojhas often hot hydrogen (see Bromide of Silver^ deterni- 

to be employed. It is as follows: Add chloro- ine how much silver is contained in it. In 

form or bisulphide of carbon to the liquid another portion of the solution determine the 

under examinatJon, and then dilute chlorine amount of iodine by the method now in qncs- 

water of unknown strength until the liquid is tton, and calculate the lunounts of iodide of 

just decolorized, and all the iodine has been silver and of silver corresponding to the 

converted into ICI^. Then add a moderate quantity of iodine found. Deduct this calcu- 

exeess of a solution of iodide of potassium, lated iodide of silver from the weight of the 

By the reaction of this iodide of potassium mixel precipitate of bromide, chloride and 

upon the chloride of iodine, 6 atoms of iodine iodide of silver, and the calculated amount of 

will be liberated and go into solution, silver from the amount of that metal in the 

*Ki + icis = iKCL + Bi. ' mixed precipitate. The remaindera are re- 

PeCermine this Iodine by means of hyposul- spectively the joint amount of chloride and 

phite of sodium or sulphurous acid, and divide bromide of silver, and the quantity of alver 

tlie amount obtained by six. The quotient contained therein. For the method of calcu- 

will express the amount of iodine iu the liquid lating the results see Bromide of Silver. Tiie 

analyzed. ^ The process in both its mod- quantity of bronihie in the mixture must not 

ifications yields excellent results. It is partic- be too small, lest inexact results be obtained 

ularly well adapted for the determination of from the indirect method on which its estima- 

very small quantities of iodine. tion depends. 

Still a tktrd modification of the process must To estimate a small quantity of an iodide in 

be resorted to for estimating iodine in presence the presence of a large quantity of a chloride, 

of bromides. The Dupre's find that when the add dilute chlorine water of unknown strength 

solution of an iodido contains I part or more to the Lquid, drop by drop, with constant 

of bromide of potassium in 11)00 parts of shaking, tUl the violet coloration of the bisul- 

water, protobromide of iodine (IBr) will lie plilde has just vanished, and all the iodine 

formed on the addition of chlorine mater. If, has been converted into ICIj. ireparate the 

on the other hand, the solution contains less aqueous solution from the bisulphide, add 

than 1 part of bromide of potassium in 1600 iodide of potassium in sufilcieiit excess, and 

Sarts of water there will be formed in ad- determine the lodifie, which is set free, by 

ition ia the protobromide of iodine, vary- means of hyposulphite of sodium, or in some 

ing proportions of the higher bromides of that other appropriate way. Every six parts of 

element. If the solution contains only I part iodine found correspond to one part of iodine 
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in the original substance. The process gives rine waler. Tlie purpa'e of the carbonate o{ 
good results. To svoiil the trouble of pour sodium ailded betbre the evaporation, is to 
ing off the aqueous liquid ii'om tlie bisulphide prevent the loss of bromine fnini decomposi- 
and of washing the latter, the mixture may be tion of bromide or ubtoride of mtigsesiiim by 
poared into a rather narrow -measuring vylin- heat. (Figuier, Ann, Chim. et Pkys., 33. S03). 
der after the chlorine haa been made to B(;t to Method B. The bromine liberated bj- means 
decoloration, and the volume of the aqueous oi chlorine is dissolved in ether, and the color 
solution noted. A definite portion of it may of this etJiereal solution is compared with that 
then be measured out Jn a pipette for the ex- of other ethereal soiutiona containing known 
periment. ' quantities of bromine, ^e pi-ocess is applic- 
Principle III. Power of decomposiiig met^ able for the valuation of mother iiqnors, the 
aliic bromides. amount of bromine in which is known approx- 
Apj^icalioni^. £BtimatioD c^ brmnine and iinatuly betbrcliand. (Heine, Journ. pratt. 
bromliydric acid. Separation of bromine, CAem., 36. 184.) Satisfactory results ob- 
chlorine and iodine Iroin one another. tained by this method have been reported by 
Method A. ITiis method depends upon the FehMag (Je«tm. prakt. Ckem., 4S. iS9). The 
volatility of bromine as well as upon the prin- brine examined by thia chemist could at the 
ciple now in question. It was proposed for most contain no more than 0.02 grm. bromine 
estimating bromine for technical purposes in in HO grme. of liquid. Hence he prepared tea 
mother liquors. When chlorine is luade to different standard liquids by adding to as 
act npon the aqueous solution d" a metallic many 60 grm. portions of a saturated solution 
bromide, each atom of it liberates an atom of of common salt, delinile quantities of bromide 
bromine, and the latt^ imparta a yellow eoiur of potassium, increasing rtigularly from 0.002 
to the solution. But on boiling the liquid to O.02 grm. of bromine. Equal volumes of 
the bromine escapes and the yeUow tint diiip- ether were added to each solution, and then 
pears. Hence by using a atandaid solution of chlorine water until there was no further 
chlorine, and noting the point ot dieappeii change observed in the color of the ether. It 
ance of the yellow coloration the amount of ts ol the highest importance to hit this point 
bromide in a liquid can be estimated volumtt exactly, since too little as well as too much 
rically. The cbWiue water employed niu't chlorine maltes the liuuid appear lighter than 
be highly dilute. It should be staodardi/ed it should. To avoid all chance of error Fehl- 
jnat before use, either by making it actujion in^ prepared threesMiiplesof each of his stand- 
a solution of bromide of sodiain of known aM liquorx, and cbd^e the darkett ecdca^ in 
strength, acidulated with a few drops of chlor- each case ibr the comparison. Several sam- 
hydriu acid in the manner described below; or pies each of 80 grms. of the brine to he ex- 
by means of iodide of potassium and hypo'ul- aiiiined are now weighed of measure<l out, the 
phite of sodium as e.\plained above, under same volauie of ether as before is ad<led, then 
Principle II. ^ The liquid to be examined the chlorine water, ^nd the color of the ethe- 
is placed in a flask and heated nearly to boil- real solution obtained is ccunpared with that of 
ing; some of tlie standardized chlorine water the several ethereal soiutiona which were ob- 
is then added to it from a burette covered tained from the standard liquors. The mean 
with black paper, and the mixture lieated ibr of several good experiments is taken as the 
about three minutes, or unljl the yellow tint correct result. ]>irect sunlight must be 
which appeared on the aiiditiou of the cblo- avoided, and the operations conducted with 
rine has disappeared, Then let the mixture espedition. According to Fresenius it is well 
cool for 2 minutes, drop into it another portion to nse chloroform or bisulphide of carbon iii- 
of the chlorine water and again heat it. I'ro. stead of tlie other. 

ceed in this way until the last addition of chlo- Melbod C. Tlie chlbrine is' added in such 
rine fails to impart a yellow color to the liquid, quantity that it shall combine with the liber- 
In case the experiment should not be finished al«d bromine. Since chloride of bromine 
under several hours, the etrengtli of the chio- merely communicates a jrellowish tinge to chlo- 
rine water ought to bo redetermined at the end reform, while free bromine colors it yellow or 
of the operation, and the calculation of the re- orange, the point at wliich the latter i.'olor dis- 
Bult based upon the mean of the two trials, appears, on the f-ontinued addition of a 6tand- 

The process ii inapplicable in presence of ard solution of chlorine can be made Xo mark . 

iodine, the protoxides of iron and manganese the amount of iuxiinine in a solution. Tlie 

and organic matters. Mother liquors colored proces ' pi' ble f th a 1 is of br 

yellow by organic matter may be evaporated ides o h Ik 

to dryness, after adding some carbonate of tiona ■— p y h te m 

sodium and the residue gently ignited. The. of sma qua f 

residue may then be treated widi water, and liquors fr k p 

the solution filtered to fit it for analysis. In lows: — F to 

this case as in others, where the liquid is alka- in a g as pe ed bo 

Une, the aoiatton must be slightly acidulated much p 

with chlorhydric acid before tiding the «hlo- and poiv dilute standard chlorine water upon 



Hosted by 



Google 



the mixture, from a. burette covered wUK black 
paper. On shaking thw bottle the ehlorotoi-m 
beuonieB yellow, then, on flirtlier addition of 
chlorine, orange, then yellow again, and 
lastly yellowish white, at the moment when 2 
atoms of chlorine have iteen expended for each 
atom of bromine in the liquid. 

The chlorine water is standardized witii iodide 
of potassium and hyposulphite of sodium as ex- 
plained above, under Prindple 11; its strength 
should be made to eonform somewhat with the 
amount of bromine to be determined, and ad- 
jasted BO that about 100 c.c of it maj be used 
m an experiment. Considerable practice is 
required before the operator CMi be sure of the 
end reaction. It is well on that account to 
place the bottle on a sheet of white paper, and 
to have at hand a dilute solution ot yellow 
chromafe of potassium of the requiied tint, 
with which to compare the color of the chloro- 
form. The process yields good result", for 
example, 0.018 instead of 0.0186; 055 in- 
stead of 0.059, and 0.0112 instead of 01 If 
the liquid to be examined contains organic 
matter, add caiistjc soda to alkaline reaction, 
evaporate to dryness, ignite the residue, best 
in a silver dish, dissolve the residue in water, 
filter, neutralize exactly with chlorhydric acid 
and teat as above. (Reimann, Atmalen Chem. 
und Pharm., US. UO). 

Bromine may be determined by this process 
in presence of bdine by adding in the hrst 
place, standard chlorine wat^'r untit the violet 
color of the chloroform due to iodine is just 
destroyed, and lOlj (see Principle 11., above,) 
or I^Fj has been formed; and afterwards 
adding moi-e of the chloi'ine water until the 
whole of the bromine is converted to BrCl. 
In the first step 6 atoms of cilorine are ex- 
pended fOT each atom of iodine, while of the 
second quantity of chlorine, every 2 atoms rep- 
resent one atom of bromine, buppose there 
were 5 molecules of KBr and 1 of KI in the 
mixture to be examined; then. 



MeUiod. To separate bromine from chlo- 
rine, precipitate fix>m one portion of the solu- 
tion both these elements tiMether as Bromide 
of Silver and Chloride of Silver, eilber by the 
volumetric orgravimetric process. In another 
portion estiniatw (he bromine by one of the 
processes above described, and calculalfl the 
chlorine from the difference. According t^i 
Fresenius, this method affords an expeditious 
means cf examining the mother liquors of 

Prmctph IV. Power of decomposing ain- 

Applicalions. Estimation of free chlorine. 
Supai'atiou of free chlorine from combined 
chlorine. Valuation ol'bleaching powler. 



Method A. To estimate ^jhiorine gas lead 
it carefully into dilute ammonia water. A part 
of the ammonia is decomposed, and nitrogen 
evolved, while chloride of ammonia Is formed. 

yjHj + 8C1 " »NH.a + M. 

Care must be taken to bring in the chlorine aa 
slowly as , possible in order that time' may be 
alloived for the decomposition, and that no 
chlorinB shall go to waste with tiie nitrogen. 
It is well to place the ammonia mater in two 
or three Woull'e botties or connected flasks, 
and still better to have nothing but water m 
the last flask to catch the vapors of chloride ot 
ammonium which are form^. The ammonia 
water must be in excess everywhere, not only 
that all the chlorine may be retained, but that 
no chloride of nitrogen shall be formed. 
Whtn the development of chlorine has ceased, 
druL out those portions of it which remain m 
th" dccomiiosing vessel by means of a cnrrent 
of carbonic acid. The solution ot Chlonde of. 
Ammonium may then be evaporated and 
weighed as described under that head; or the 
residue of the evaporation may be dissolved in 
water, flie solution acidulated with nitric acid, 
and the amount of chlorine in the chloride de- 
termined as Chloride of Silver, by titration. 
From this result the weight of the chloride of 
ammonium is then calculated. 

In case chlorine water is to be estimated it 
may be carefully mixed with an excess of dilute 
ammonia water, and the mixture then evapo- 
rated, — This process was formerly es- 
teemed, but since Schoenbein {Jota-Ji. proJa. 
Chem.. 84. 886) has shown thai a little_ chlo- 
rate of ammonimn is formed by the action of 
chlorine on ammonia water, it can no longer 
be regarded as iiTeproachable. Fresenius re- 
gards it as inferior to the process depending 
upon the action of Chlorine upon sulphurous 
acid. Experiments by Haarhaue (^ZeUsch. 
analyt. Chem., 1863, 2. 69) indicated that of 
lOO parts of free chlorine decom^ed by am- 
monia, 98.6 parts were converted into chloride 
of ammonium and 1.4 parts to chlorate of am- 
monium. The proportion of chlorate formed' 
would be likely to vary however with the 
dazree of concentration of the ammonia water. 
But it could doubtless be got rid of by the use 
of an appropriate reducing agent. ^ 

Method B. In liquids which contain free 
chlorine plus chlorhydric acid, or a metallic 
chloride, the amount of combined ehlorme 
inay be determined as follows: — Mix a 
weighed quantity of the liquid with an excraa 
of dilute ammonia water, and estimate the ■ 
total chlorine as Chloride of Silver. In 
another weighed portion of the original liquid, 
estimate the free Chlorine by means of lodido 
of potassium, or in some other appropriate way 
and subtract this amount from the weight ot 
the total chlorine; the difference will repre- 
sent the combined chlorine. — It would be 
I'holly inadmissftble to mix the original solu- 
ion with nitrate of silver, sinee only five- 
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phate of potassiinD its may be required to re- 
act upon the whole oi'tlie eMorhyclric acid, for 

«As50 + nci = ioAeCI + AgjO, cijOs the formation of chloride of potassium, and bi- 

(Weltzien, Aunakn Chem. nnd Pharm., 91. sulphate of potaBsiuin. Evaporate the mixture 

4fi.) carefnll^iti the dark to expel the free Rhioi'ine, 

Method C. To eatimate the total chlorine and estimate the chlorine of the chloride oif 

in bleaching powder mix the latter with am- pot^siura by precipitation as Chloride of 

monia watfir, acidulate the liquor with nitric Silver. (Kosne.) 

acid, and hy means of a standard solution of For use as a reagent, chlorine grui may be 

silver estimate the chlorine of the chloride of prepared as follows: — Fit up a flask with i 

calcium which is Ibnned. See Chloride of delivery tube, and connect it with a washing 

Silver. The reaction which occurs between bottle ehai^d with concentrated sulphuric 

the ammonia and the hypochlorite may be acid, and a uylinderliill of cblorideof caluum 

formulated as follows; — Flaee in the flask a mixtme of 18 paits by 

ami + 3 (c»o, ciiO + coci^ — acocis + bhjO + in. weight, of coaiedy powdered chloride of so 

By estimating the total cliloiine in this way diuin. and 15 parte of finely powdered binoxidt. 
in one portion of the powder, and subjecting of manganese, of good quality, and pom in a 
another portion to one of the processes of perfectly cold mixture of *5 pwts of cnl of vit- 
Chlorimetry, the amount of inactive chlorine riol, and 21 parts of water. On shaking the 
in the sample will be found from the difference flask a steady evolution of chlorine will set it 
between the (wo results. (Kolb, Comptes at once. When the flow of chlorine shows 
Rendus, 85, pp. 530 — 5S4). To destroy signs of slackening, heat the flask very gently 
any chlorate ot calcium which the bleaching (Wagers). — Haeer (^Zeilsch. analyl. Chem 
powder may contain, treat the dilute mixture 1867, 8. 421) puts chlorate of potassium and 
of bleaching powder and ammonia water, aller clilorhydric acid of 25 per cent in a small 
the reaction between the two has ceased, with flask, in the proportion of 2. 6 grms., of the 
zinc and sulphuric a<;id. The nascent hydro- chlorate to 25 gnns. of the acid. The mix- 
gen evolved will reduce tlie chlorate to the ture must not be heated, nor shaken, but 
condition of chloride. (^Fordos & Gelis). simply left to itself. — For the airan^e- 
Compare Chlorates, reduction of by hydrogen, ments for developing chlorine devised by 

Method D. Instead of weighing oie chlo- Mitscherlich and Brugnatelli, see Zeilxeh. 

ride of ammonium, as in Method A, tiio gase- ancdyt. Chem., 1867, 6. pp. 187, 393. 

ous nitrogen, may be collected and measured, To prepare chlorine water, simply conduct 

as has been proposed by Henry & Plisson. the gas into a bottle of cold water until tlie 

The apparatus required consists of a flask of latter is saturated, taking care to lead off the 

the capacity of .100 or 400 c. c, to the cork of excess of chlorine into a ehimney, or into a 

which ia fitted a ftinnel with glass stop-cock large bottle filled with pellets of paper which 

and a delivery tube. The bant tube leads to have been moistened with alcohol. Since 

a pneumatic trough, and there delivers gas chlorine water is rapidly decomposed by liglit, 

from the flitsk into a graduated tube of the it should be kept in a dark place, or iu bottles 

capacity of 80 c. c. 10 grms. of the bleach- eovei'ed with black paper, 

ing powder and 350 c. c. of water are placed Chforoplatinate Of AmmonI" 

in the flask, and lOOc. c. of ammonia water Ultl. 

diluted with an equal bulk of water, are grad- Principle. Insolubility in alcohol, 

ualiy added through the funnel. Tfee con- Applications. Separation of NU, from Na, 

tents of the flask are gi-adually heateii and the Li, Ba, Sr, Ca,SJg. Estimation of NH^ in salts 

nitrogen is collected jn the graduated tijbe, of ammonium. Estimation of platinum. Sep- 

which is elaoiped in a vertical position. Both aratiou of Pt from Mn, Fe, Si, Co, Zn, Cd, 

the graduated tube and the pneumatic troijgh Ur, Hg, Gu, Bi. 

are filled with an alkaline liquid. When no Methods. Same as those described under 

more nitrogen is giveij off, the flask is filled Chloropiatinate of Potassium. In estimating 

with water through tie funnel in order to ammonmm it is well to control the results of 

drive forward all tije nitr&gen, TJfe Oxygen the ^i^t vfd^hing as follows: — I^ite the 

ft'oin the air griginally contained in the l&sk precipitate weighted at 100°, in a platmum cru- 

is then detenijined by absorption with pyro- ciljie, weigh the inetallio platinum which is 

gallic acid, or ijj apy o^er appropriate way, left a^d calculate the ammonium which corre- 

aiid the volume of air to which it corresponds sponds to jt. If the precipitate is pure, the 

is subtracted from tlje contents of the gradu- resijlts obtained from the two weighings will 

ated tube. The prijoeas yields accurate re- agree. To igpite the precijq.tstG jtiII it up in 

suits when carefully conducted, bi?t is less con- the filter, place the ball in the crucibfo, cover 

venient than the i^ethods in ordinary use. the latter and heat it moderately for a com- 

Principle V. Volatility, paratively lon^ time, then remove JJie cover, 

Application. Separation of frpe chlorine place the crucible upon its side, lay the lid in 

from fi^e clilorhydric acid, front of the crucible and burij the carbon of 

Mi^Otod, Add to t^e solijtioij ?s tjiuclf eul- the filter af ^ gradually incrfaseij (leat. 
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Unless care be taken to heat the precipitate 
very. gradually, partictea of the precipitate will 
be carried off by the escaping chloride of am- 
monia and some of the platinum h<i lost. In 
case the amount of precipitate is very aina.ll it 
is best to ooUect it at once upon an unweighed 
filter, and to ignite the dried mass and neigh 
as platinum. So too in estimating platinum, 
or separating It from other metals (see below). 
A little platinum will almost always adhere to 
the platinum crucible in which the ignition ia 
made, so that the crucible is heavier after the 
experiment than before, but a platinum cruci- 
ble is nevertlieless to he preferred to one of 
porcelain for efifectiufr tM decomposition of 
the ohloroplattuate. The process yields aatis- 
iactotr results, though owing to the sparing 
Bolubifitj of the chloroplatinate and the liabil- 
ity of losing a little platinum while igniting, 
they are usually a little too low. 

In case both potassium and ammonium are 
to he separated from the other metals, ignito 
the weighed precipitate of mixed chlor p ti 
nates of potassium and ammonium wi h h 
prescribed precautions, until the ohlorop 
nstes are fully decomposed, treat the i d 
with water and in the filtrate dotermi 
Chloride of Potassium. Collect ala d 

weigh the platinum for the sake of c ro 
Calculate the chloride of potassium fou 
chloroplatinate of potassium, and subtra h 
latter trom the weight of the mixed prec p te 
in order to obtain Hie weight of the cblo 
inate of ammonium. Tlie method is dm 
employed. In case the precipitate is large, it 
will be well to finish the reduction in a stream 
of hydrogen, or to ignite the preoipitat* with 
oxalic acid. In case the latter is employed 
take care to atidvilate the filtrate with chlor- 
hydric acid. 

In estimating platlnuni by adding chloride 
of ammonium to its solution, it is not safe to 
weigh the precipitated chloroplatinate of am- 
monium, since it js impossible to wash out with 
alcohol a certain excess of chloride of ammo- 
nium (1 or 2_ per cent of the weight of the 
pwcipitate) which goes down with the chloro- 
platinate. It is essential in that case to igmte 
the precipitate, and weigh the ujBtallic plati- 
num (Fresenlus). — r In separating plati- 
num from other metals, wash the precipitate 
first with a saturated solution of chloride of 
ammonium in order to remove the other 
metals, and finish the washing with alcohol. 

Properties. The precipitated compound is 
Mther in the form of a heavy leojon-yellow 
powder, or in snjall, bright yeUow octahedral 
crystals. It is difficultly soluble in cold water, 
but more readily soluble in hot water; very 
sparingly soluble iij absolute alcohol, but more 
readily in spirit.. At 15° or 20°, 1 part of it 
dissolves in 205O0 parts of alcohol oi^ 97.5 per 
cent; in 1400 parts of alcohol of 7S per cent, 
and in 670par(s of alcohol of 55 per cent. In 
alcohol acidulated with .chlprohydric acid it is 



far more readily soluble (Fresenius). It un- 
dergoes no change in the air, or when heated 
to 100°. When ignited it gives off chlorine 
and chloride of ammoninm, and metallic plati- 
num is left in the form of a porous sponge. 
Its composition is . — ' 

asHjCi . . w . . saw 



Chloroplatinate of Potassium. 

Ptinc^le. Insolubility in alcohol, and etiier. 
Also insolubility in a solution of chloride of 



Applicalwns. Estimation of K and Pt. Sep- 
aration of K frjm Na, Li, Ba, %, (compai-e 
Method D,) 8r, Ca, As, P, B, and S. and frara 
other elements enumerated under Method B. 
Separation of Pt from Mg, Zn, Cd, Mn, Fe, 
Co, Ni, Ur, Hg, Cu, Bi, and An. 

A h d J T separate potassium from so- 
d A uj weigh the mixed chlorides 

h h b en ignited to expel acid and 
mm al as explained anaer Chloride 

P aoai d solve them in a small quan.. 
wate add a decided excess of apure, 
d ral solution of HChloride of 

P ti m p p d as described under that 
h d E p the mixture almost, but not 

p te y to rjneas on a wator bath, add a 
q y a hoi of 0.8G or 0.87 specific 

g h dish with a glass plate and 

let the mixture stand for several hours ivith 
occasional stirring. After the precipitate has 
settled, the supernatant liquid should exhibit a 
deep ydlow color, due to the presence of dis- 
solved chloroplatinate of sodium. If it is not 
decidedly yellow, there ia rPason to apprehend 
that too littie of the bichloride of platinum was 
used. Pour the clear supernatant liquid upon 
a weighed filter, but before transferring the 
precipitate to the filter exaxnine it earefiilly as 
to its purity. If the precipitate is a heavy 
yellow powder, exhibiting nothing but small 
octahedral crystals when sufficiently magni- 
fied, it ia pure chloropiatinato of potassium, 
but if tesseral crystals of a dark orange color, 
transparent by transmitted light, and of rel- 
atively lar^ size, are visible, then the pre- 
cipitate is contaminated with chloropiatinato 
of lithium (jeuschj. If on the other hand 
white particles of chloride of sodium are to 
be seen mixed with the yellow powder, then 
the quantitv of bichloride of platinum used 
was iJisufflcient, since some of the chloride 
.of sodium has escaped being converted into 
chloroplatinate of sodium. In this event 
add some water to the precipitate in tiie di»l» 
to dissolve the chloride of swlium, then a 
new quantity of bichloride of platinum, evnpo- 
rate nearly to dryness and proceed as before. 
The risk of abiding too little of the platinum 
wlijtion njay be avQided by employing a so- 



yGoogle 



ltd CHLOROPLATINATE OF POTASSIUM. 

lution of approximately tnown strength, and trate and wash wal«r upon a water badi, dis- 

eakulatiiig how much ot' it will he necessary solves the residue in a very small quantity of 

to tvansfonn the whole of the weighed quantity water, adds alcohol, collects the new precipi- 

of chlorides taken into chloroplati nates, tate of chloroplatinate of potaseium upon a 

When thtt yellow precipitate is of proper second unweighed filter and washes it with 

appearance, transfer it from the dish to the alcohol. After having been dried, the preeip- 

filtPj, by means of the fllfrate rather than with itates are carefully removed from the filters, 

alcohol,' wash it with alcohol of 0.86 specific dried at 100° and weighed, while the two fil- 

gravity, and dry at 100° until it ceases to lose ters are burned, the ashes leaclied with water 

weight; or, better, wash with a mixture of 4 and the chloride of potassium thus obtained 

parts of sijch alcohol and 1 part ether. Such determined by itself. 

a mixture of alcohol and one-fifth or one-sixth The quantity of sodium in the eiibstanco 

ether -^ in which the chloroplatinate of potas- analyzed is usually estiraal«d "bytlic differ- 

sium ia as good as insoluble — is used by many ence/'i.e., by aubtrattitig fixim the weight of 

chemists. It was first proposed by H. Eose. the mixed chlorides talten that of the chloride 

(Berzdius's Lehrbuch der Chemie, i Aufl., 10. of potassium, which corresponds to the chloixi- ■ 

73>. In order to be certain that no potassium platinate obtained. Some chemists, however, 

is left in the solution, add some water to the prefer to add oxalic acid to die filti-ate from 

filtrate, and some bichloride of platinum, to- the chloroplatanate of potassium, to evaporate 

gether with some chloride of sodium, in case to dryness, to ignite, to take up witli water the 

the proportjon already present is supposed to Chloride of Sodium, and to weigh it as such, 

be small. Evaporate tlie mixture nearly to If this is to be done, it is Etill essential to 

dryness upon a water bath no hotter than 76°, make the special secondary trial for potassium 

and treat the concentrated liquor ia the man- as above described, else any polaasiuui lett in 

ner already described. In case any jireeipi- the filtrate will be weighed as chloride of so- 

tate of chloroplatinate of potassium is formed, dium. Instead of estimating tlie sodium as 

collect it upon a special filter and add its chloride, sulphuric acid may be added to Ihti 

weight to that of the priucipal precipitate, filtrate from chloplatinate of potassium, the 

Hie olg'ect in adding chloride of sodium is to mixture evaporated lo dryness and ignited, 

prevent the decompoation to which bichloride the residue estra<;ted with water and evapo- 

of platinum is sulgcct when its alcoholic soln- ratfid, and weighed as Knlphate of Sodium, 

tion is evaporated. The temperature is kept (A. Mitscherlich, ioc. ciV.) Tlie best way is to 

at 75° dnnng the evaporation of (he alcoholic spare no pains in determining tlie pc'— -- 

liquor for a-similar reason. (Compare A. Mits- and to take the sodium from Bie diffei 

eherlich's precautions, below). — Inevaporat- By good rights, the compound of potassium 

ing the original mixture of bichloride of plati- and sodium to be esaniined should be a chlo- 

Dum and potassium solution upon the water ride, though it is possible to separate sodium 

hath, care must always be taJcen not to push from potassium in this way, even in presence 

the process to dryness, or sofar as to expel any of boracic, phosphoric, sulphuric and other 

■water of crystallization from the chloroplati- acids soluble in alcohol, as will be explained 

nate of sodium which is to remain dissolved. below, under MethofI C. For the methods of 

When properly executed the process yields conyerting other salts to the state of chlorides, 
good results, though there is usually a small see Chioride of Potassium, and the methods of 
loss of potassium due to the sparing solubility separating aeids from metals, as given in the 
of the precipitate in alcohol. On the other finding lists of the appendix, 
hand, it must be remembered that the air of a When the amount of chloplatinate of potds- 
laboratory often contains ammonium salts slum to be collected and weighed is vejy small, 
which may go to form chloroplatinate of am- it is better not to attempt to collect it upon a 
monium, and so increase tlie weiriit of the po- weighed filter. Instead of that it sliould be 
tassimn compound. According to Fresenius, re- collected upon a very small unweighed filter, 
peated experiments have shown that in this and ignited in a crucible after it has been 
method of separating potassium from sodium, washed and dried. The ignition, which may 
the amount of potassium fbtmd is always a little be made in a platinum crucible, must be con- 
less than it should be. When the processs is ducted with special care, in the manner de- 
pi-operly conducted, however, the loss of potash scribed under Chloroplatanate of Ammonium, 
ought not to eieeod I per cent. ^ In order The residue left after the ignition is careiiiUy 
to avoid the possLbilitj' of decomposing any of treated with hot water, the solution of chloride 
the bichloride of platmum by evaporating the of potassium thus obtained is decanted off 
^coholic solution, A. Mit«cherlich (Joitrn. from the heavy powder of metallic platinum, 
prafe. CSem., 1861, 83.460) prefers to add and the latter is washed, dried, ignited and 
bichloride of platinum to a concentrated aque- weighed in the crucible. Each atom of plati- 
ous solution of the mixed chlorides of potassium num found corresponds to two atoms of po- 
and sodium and without ailding any alcohol, to tassium. A small quaaitity of platinum will 
collect and wash the precipitate upon an un- remain adhering to the crucible, so that the 
weighed filter. He then evaporates the fil- weight of the latter wiO be greater after the 
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eicperiment than before, but thg accuracy of butk of a mi^ttun! of 2 Yolumes akoliol of 
the results is not impaired, and no serious 0.8 specific n;ravity, ami 1 ■volume of eUier; 
harm is done to the crucible. The decanted collect the mixed prec-ipitnte of eliloroplBtiniite 
hquid will be colorless if the decomposition of of potassium and sulphate of sodium upon a, 
tlie ohloplatinate is complete; no tinge of filter and wash it with a mixture of aleobol 
yellow is per,:iisEible. The metallic platinum and eflier. such as was poured upon the residue 
should be washed until the washings cease to in the dish, until the wasliinf^ are colorless, 
give a reaction for chlorine when tested with Then wash the matter in the filter with a cold, 
nitrate of silver. ^ Quantities of the chloro- saturated, a<jueon3 solution of ehloride of ani- 
platinatewMeh weigh liKS than O.OSgrm.canbc moniam, uijtd the washings no lonfrer give any 
safely decomposed by ignition in this way, but reaction when tested for sulphuric acid. If 
with latter quantities it is not easy to obtain the filter be filled completely full once or 
good results. The melted chloride of potas- tn-ice with the solution of chfoviile of nmmo- 
sium so envelops the carbon of the filter that nium, so as to thoroughly saturate the paper 
the latter cannot be thoroughly burned, not and the jirecipitate, it will be easy to wash 
even after it has been washed with water. It out the whole of the sulphate of sodiuni. 
is, moreover, difficult to complete the decom- The chloi'Opiatinate of ammonium forme<l by 
position of the chloroplatinatej to facilitate tlie action of the chloride of ainnmninm upon 
the decomposition a small quantity of oxalic any portions of bichloride of platinum which 
acid may oe made to act upon the sub- the precipitate may have retained does no 
stance in the crucible. If this be done, let bai-m. — To determine the potassium in 
the crucible become cold aflier the process has the precipitate, dry the filter, with its contents, 
been pushed so far that the filter has been in a. laj^e poroehun crucible, at a temperature 
burned' to ashes, throw in a minute fragment somewhat above 100°, and heat the crucible 
of pure oxalic acid, cover the crucible and until the filter has charred, but has not jet 
ignite gently at first, but afterwards at a strong be(;un to glimmer, then lea/1 a current of hy- 
red heat. By the aid of oxalic aeid it is drogen into the crucible, and continue to heat 
possible to decompose the chlojilatinate in a it as long as the escaping gas yields a white 
porcelain crucible. A still better way is to eioad when tested with ammonia. The reduc- 
^nite the precipitate in a current of hydro- tion by liydrogen is tolerably rapid at temper- 
gen at a temperature so low that the chloride aturea as low as 240°. Treat tiie residue wi''h 
of potassium cannot fuse. This redaction may hot water, separate the chloride of potassiimi 
be eflTecteci in a crucible of platinum, into from tbe metallic platinum and charred paper 
which hydrtgen is admitted through a hole in by filtration, wash thoroughly, evaporate to 
the cover. But in order to avoid losing any dryness and ignite, to expel any trace of chlo- 
particles of the compound in the current of ride of aminonimn; then weigh the Chloride 
gas, the cbloroplatinate should be partially of Potassium dii-ectly, or estimate the chlorine 
decomposed by carefullj' heating it by itself in it by titration with a standard solution of 
before hydrogen is admitted to the crucible, nitrate of silver (see Chloride of Silver). 
After the hydrogen has acted, wash out tiie In case the precipitate of chloroplatinate of 
chloride of potassium and ignite the residue in potassium is small it may be idissolved off the 
the iiir to destroy the last particles of carbon filter with boiling water, the Boltition evapo- 
from the filter. , rated to dryness in a porcelain crucible, the 
MelJiod B. A modification of the forgoing residue ignited to expel eliluride of ammoninm, 
method has been proposed by Finkener (Po^ and then reduced by means of hydrogen. 
emlorffs Annalen, 1866, 129. 6S7). It d'e- The chlorine in the residue maj- then be ('sti- 
pends in part upon the insolubility of the muted voluraetrically, as Chloride ol' Silver, , 
chloroplatinate in a stroncr solution of chloriile without fi.irther trouble. — The soilium, 
of ammonium, and is applicable to fie separa- which wiU be ftmnd fox the most part in the 
tion of potassium from sodium when this metal chloride of ammonimn washings, may be re- 
is present in thj form of a sulphate. — The covered by evaporating these, together with 
details are as follows; — Dissolve the mixed the alcoholic filtrate, hut the operation i a very 
sulphates in a small quantity of water, add troublesome. The process uives tolerably 
some chlorhydric acid, and enough bichloride satisfactory results in spite of the fitct that the 
of platinum to color the liquid intensely yel- chloride of ammonium decomposes and dis- 
low; dilute the mixture with so much water, solves a little of the potassium precipitate, for 
that the whole of the eliloroplatinate of potas- a trace of sodium is always retained by the 
slum wilt dissolve on boiling, and evaporate potassium precipitate. For a quantitative 
the solution upon a water bath to a small vol- discussion of the several sources of error see 
ume, so that a pasty, but not solid residue will Finkener's memoir. — The process can be 
be left when the dish is allowed to cool. Care applied for separating potassium from lithium, 
must be taken not to leave the dish upon the as well as fi-om sodium. In case lithium and 
water bath after the liquid has once been suf- soilium are both present, the first filti'ate, i.e., 
ficieutly evaporated. Stir into the cold residue, the one obtained before washing with chloride 
at first by small portions, IS or 20 times its oi ammonium, may be treated to remove the 
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excess of platinum, anri the lithium may then as has been already rcmarkecl. H, Eose di- 

be precipiiated as Phosphate of Lithium. rects that about 1 ^frm. of chloride of potas- 

■Potassiiini may still l)e estimated by this aium be talten, that it be dissolved in 1.1 e. u. 

method in presence of arseniate, borate, and of wafer, and that after lie addition of the 

rfiosphate of sodium, or the sulphates of Mg, requisite quantitj" of biohloride of platinum a 

Zn, Mn, Fe, Ni, Co, Cu and Al. It is only mixture of 76 c.c. absolute alcohol and 15 c.e. 

necessary to mix a little chlorbydric acid willi of etier be added to the liquid. In order to 

the first portions of chloride of ammonium prevent the evaporation of the ether place the 

used for washing the mixed precipitate of mixture under a bell glass set upon a plate of 

ehloropiatinate and sulphafa. When the mix- ground glass mhicli has been smeareil witli 

ture to be analyzed contains no sulphate, but giyceriae, and leave it at rest for 12 hours, 

only nitrates, borates, phosphates, arseniafesi tlien filter, wash with a mixture of alcohol and 

etc., enough sulphuric acid must be added to ether and weigh. 

convert the whole of the metals present into A modification of this process has been de- 
sulphates. The presence of a moderate ex- vised by Teschemacher and D. Smitli {Zeiiseh. 
cess of sulphuric acid does no harm. — It analyl. Chem., 1869, 8. 90) for the rapid 
is Aot safe to attempt to reckon the potassium commercial analysis of saltpetre and other 
from the quantity of platinum left after the potassium salts: — Weigh out 500 grains of 
ignition and reduction of the precipitate. The the salt, dissolve in wafer and dilute the solu- 
result might readily come out too high, espe- fion to the volume of 5000 fluid griuns; meas- 
cially if much sulphate of sodium were prea- ure out 500 fluid grains of the liquid, and 
ent, or a lai^e excess of bichloride of plali' dilute ae^ to 6000 grains. Take 1000 fluid 
num were used, or the evaporation so grains irf the diluted liquid, add to it 50 fluid 
conducted that coraparativehr large crystals of grains of chlorhydric acid, if the salt be not 
sulphate of sodium should form and enclose already a chloride, and wash tlie mixture into 
some of the platinio mother liquor. The best a dish. Heat the liquid, which should amount 
way in case ^e potassium is to be calculated to about 1500 gr^ns in all, almost to boiling, 
ftoin the weight of the platinum is to omit al- add to it a lai^ excess of a solution of bi- 
together the washing with chloride of ammo- chloride of platinum, so tliat as nmch as 30 
nium, and to proceed as in Method C. grains of platinum may be present, and evap- 

According to Stohmann {ZeitscK. anabjt. orate so far upon a water bath that the liquid 

Chem., 1866, 5. 307) there is no difficulty ia would stifi'en to a pasty mass if the dish were 

applying Method A for the separation of po- removed from the haUi and allowed to cool, 

tassium from barium, calcium and magnesium. Without allowing it thus to stiffen, quit^ly 

since the chloroplatinates of all these metals pour upon the concentrated liquid 500 or 600 

are soluble in alcohol. In case a mixture of fluid gr^ns of rectified metisyl alcohol of 85 

sulphates and chlorides of potassium, calcium per cent, mix the materials by giving a rotary 

and magnesium is ia he analyzed, add chloride motion to the dish, cover the dvsh, and let the 

of barium, drop by drop, to the boiling solu- mixture stand for 5 minutes. The chioro- 

tion, until all the sulphuric acid is precipitated, platinate of potassium wiU separate in the form 

filter, and treat the filtrate, or a measured of large crystalline scales, from which the 

portion of it, with bichloride of platinum in supernatant liquid can be readily and com- 

tbe usual way. A good deal of bichloride of pletely decanted. Pour the liquid into a com- 

platinum will be required in order to convert parativcly large filter — large enough to hold 

rtie whole of the foreign metals into chloro- 400 or 600 Duid grains, and wash 3ie ciystaJs 

plafinates, but it is readily recovered from the in the dish twice by decantation with methyl 

filtrate. alcohol; then by means of a wash hotUe, and 

Method C To estimate potassivm in any of without touching them witii a rod lest they be 

its eorapounils proceed as ibllows; — If the broken, wash the crystals out of the dish inlio 

{lotassium salt contain only a volatile acid, tiie filter, and wash them there thoroughly 

ike acetic, nitric or cyanhydrfc acid, the solu- with methyl alcohol. After the filter and eou- 

tion may simply be mixed with an excess of tents have been dried, the precipitate can be 

chlorhydric acid, evaporated to dryness to removed from the filter so completely that the 

convert the salt to Chloride of Potassium, and latter can be burned to ashes by itedf, and the 

treated with bichloride of platinum, as in ashes and dried precipitate weighed together 

Method A, — If the substance to be ana- in a crucible. — The process yields exeel- 

lyzed is a bromide or iodide of potassium, lent results. In describing it, Teschemacher 

treat it with chlorine water, evaporate to dry- and Smith take occasion to deny the allega- 

ness, redissolva the residue in cldorine water, tions of Chalmers and Tatlock {loc. cit,, p. 

and agEun evaporate to expel the last traces of 88) that on account of the frequent impurity 

bromine or iodine. ^ Instead of proceed- of the bichloride of platinum employed in 

ing with the analysis precisely as in Method laboratories the processes depending upon the 

A, some chemists prefer to omit the evapora- pi'inciple now in question are unrSiabie, and 

tion after the addition of the bichloride, and apt to yield results by which the potassium is 

to wsish with a mixture of alcohol and ether, estimated 1 or 2 per cent higher than the trutli. 
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In case the potassiiiin be combined witli a precipitate has been dried and weiglicd at 

non-volatile acid, such as phosphoric, arsenic, 100°, reduce it to metallic platinum by means 

boraciu or sulphuric aeid, which is soluble in of hot hydrogen gas. See Platiniun Com- 

alcohol, or in mixed alcohol and efher, make a pounds. ^ The weight of platinum in the 

strong aqueous solution of the salt, add some precipitate cannot be calculated from the 



chlorhj^dric acid, then an excess of bichloride weight of the latter, since it is impossible 
of platinum, and a quantity of the strongest w^li out all the chloride of potassium 
alcohol, or of mixed aJcohol and ether, let the means of spirit without diasolving a portioi 



mixture stand for a number of hours and the chloroplatinate aa well. The process is 
filter, etc., ss in Method A. According to preferable to that which depends upon the 
Finlceiier, for 1 grro. of the potassium salt insolubility of CiJoroplatinate of Ammonium, 
SO c. c. of chlorhydric acid of 1.05 specific since the latter is rather more soluble in alco- 
(travity, iflO c. c. of anhydrous alcohol, and hoi than chloi-oplatinate of potassium, and 
25 c. e. of ether may be taken. After the because with tbe potassium salt there ia less- 
mixture has stood under a heii glass ibr several risk of losing material in the subsequent pro- 
hours, it may be collected on a weighed filter cess of reducingto metallic platinum, 
and washed with a mixture of chlorhydric Properties. The precipitate occurs either as 
acid, alcohol and ether, in (he above given a lemon colored powder, or as email reddish- 
proportions, until the filtrate is colorless, and yellow octahedrons. It is difficultly soluble in 
afterwards with alcohol and ether. The cold water, but more readily in hot water. It 
method can be applied for separating potas- is almost completely insoluble in absolute aleo- 
sjum from sodium and liihium, as well as for hoi, and still less soluble in a mixture of 
estimating potassium. Compai^ Method B. alcohol and ether; in ordinary alcohol it is 

Metlwd D. To Heparaiepotasdumfrom mag- somewhat, though still sparingly, soluble. Ae- 

ntsium ajui sodiuw,, Scheerer (jlnno^en Chem. cording to Fresenius, 1 part of it dissolves in 

unrf PAarm., 112, 117) wdgha the mixturein 12,000 parts of absolute alcohol, 3,800 parts of 

thti form of anhydrous sulphates, divides the aleohol of 76 per cent, and 1,000 parts of 

aqueous solution into two measured portions, alcohol of 65 per cent. In alcohol acidulated 

and precipitates chloroplatinate of potassium with chlorhydric acid it i# considerably more 

in one portion of llie liquid, and Phosphate of soluble. It dissolves readily in caustic potash* 

Magnesium and Ammonium in the other. By According to Andrews it retains a little water 

■calculating both the potassium and the mag- (0.0055 of its weight) even when heated to 

nesimn found as sulphates, and subtracting the temperatures conaoerably above 100°. When 

sum from the weight of the original mixed left m the air, or heated to 100° it undeisoes 

sulphates, the weight of the sulphate of so- no change, but at an intense red heat it auffers 

dium will be obtained. ^ Instead of divid- decomposition, some chlorine being espelied, 

ing the liijuid, Kube (JovTn. prakt. Chem., 84. and a mixture of metaUic platinum and chlo^ 

117) precipitates chloi-oplatinate of potassium ride of potassium being left. This decoinpo.' 

froui the whole of the dissolved sulphates, and tition is never compete, however, if an/ 

«vEtporates the filtrate a second time to make considerable quantity of the compound is ig< 

sure of the whole of the potassium. ' He then niled. Even after long continued fljsion of 

adds to the filtrate a solution of chloride of the mass, a little of the chloroplatinate will 

Ujnmonium to remove the excess of platinum, always remain undecomposed. Toreducethis 

filteis off the cbloroplatina<« of ammonium, last trace, the substance must be ignited in an 

and throws down Fhosjihate of Magnesium atmosphere of hydrogen, or with oxalic acid, 

and Ammonium, in the filtrate. as has been described above. (See also Flati- 

Mulhod E. To eslimate platiittmi in platinvm num Compounds,) 

compfMndf, wid to separate platinum from the The composition of the chloroplatinate is: — 

metals above enumerated: — Add caustic pot- jj _ jg^^jg^ 

ash to the solution until the fi-ee acid, if any Fi-m.t — *).«i skci - i49,a -- sum 

., , . , . ,- J .1 jj ■' cia — 21S.0 — *i.iB Ptcu — aaaA — 04,00 

there be, w nearly neutralized, then add a ^ — — —^■ 

slight excess of a strong solution of chloride of **■' ■""'■'''' ***"* ""*" 

potassium, and a comparatively large quantity Principle II. Power erf decomposing or- 

of absolute alcohol. In case the solution be ganie substances. 

very dilute, it should be concentrated by evap- Application. Esthnation of carbon hvdro 

oration before adding die alcohol. After the gen and nitrogen directly, in one and the same 

mixture has been allowed to stand for 24 quantity of material. 

hours, collect the precipitate upon a weighed Method, A weighed quantity of the sub- 
filter, as directed ib Method A. — • If no stance to be analyzed is shikin mto a 
metal other than platinum be present, wash at porcelain tube whifh is filled with a mixture' 
once with alcrfLoIof 70 per cent, but if other (containing about 8 grins, of platmum) of 
metals are ccmtained in the mixture wash the pumice stone and chloroplatinate of potassni^ 
precipitate first witSi a saturated solution of and the air is expelled from the apparatus by 
chloride of potassium to remove these metals, a stream of tolerably pilre nitrogen. To tlie 
and Hilerwards wiUi the alcoliol. After the front of the tube there is attached first a tube 
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of nitrate of leadi atannous thlitride, and cans- and vegetable substances, 

tic potash respectively. Thu lead and tin Method. Treat the Biibstanee to be exam- 

eotutions arc as concentrated as pivsiblet while ined with ether, an long aa anythin^r dissolves; 

tlie potash lye ie sueb aa is ordmarily em- remove ajiy water which may settle from the 

ployed in estimatJng Carbon. In case tSere is ethereal solution, and decant or filter the lat- 

no hydrocen in this aubatanoe to bu analyzed, ter so that it may be perfectly clear. Distil 

the phosphoric ncid tube is omitted. — Af- and evaporate the ethereal solution to dryness 

ter tho apparatus has been proved to be tight «pon a water bath, and weigh the residue, 

the porcelain tube la heated to redness in the Boil fhe residue, or a weighed portion of it, 

places where none of the organic substance with an excess of a clear concentrated alco- 

has been placed; afterwards the uxixtui-e of holic solution of caustic pot^h upon a water 

Bubatanee and chlovopUtinate is gradually bath for several hours, then distil off the alco- 

huatcd, so that the subatance may be slowly hoi and diasolye the residue in water to a thin 

decomposed. The cbloroplatinat* of potas- solution, sliake this solution with ether, allow 

aium is employed as a substitute for free chio- the mixture to settle, and decant the ether, 

line, on the ground of ita being an easily de- taking care to repeat tbe process several times, 

couiposable chlorine compound. It has the The ethereal solution thus obtained contains 

merit of being free from water, and inalterable the cholesterin in a condiSon of almost abso- 

in the air. When heated by itself it suffers lute purity. The weight of the cholesterin is 

but little decomposition at a low red heat; but found by evaporating the solution to dryness, 

when heated to redneen in contact witli or- In case the cholesterin solntion were not pure 

ganie substances it ia completely decomposed, the residue obtained by saponification might 

Carbonic a<:id, chlorhydric acid, carbon, aa be shaken, while still warm, with dilute potash 

well as water and hydro-carbons in some lye, and again treated with ether after the 

eases, are the pradiicta of the reaction. The mixture- had become cold. None of tlie soap 

water, chlorhydric ai^id and carbonic acid are will go into solution in the ether unless there 

collected and weighed in the reagents above is a lack of water or alkali in the mixture, 

described. And in case hydrocarbons or By treating the soap solution with chlorhydric 

chloride of carbon are generated they are acid after the I'emoval of the cholesterin, and 

hui'ned (compare Carbon, Method 7), and washing the acid liquor with ether, the fatty 

tlieir carbon weighed as carbonic acid. acids may be disaolved out and weighed after 

Wiien tlie porcelain tube has TDCen heated the ether has been evaporated, or after their 

tliroughout to redness, and no more bubbles of conversion into sodium salta. (Hoppe-Seyler, 

gas are seen in the nitrate of lead bulbs, the Zeilsch. anidyl. Chem., 186G, 6. 422.) 

tube is swept cJean by a siow current of mtro- ChromateS. For a method of analvz- 

gen and the fire is extinguished. Ihe object ■ ^^^ metallic chromates which are de- 

of the solution of stannous chloride is to a,b- composaHe by heat, see under Chromic 

sorb the excess of chlonne resulting l\-om the ^^^^ deeompositJon of bv heat. 

rsiSAi^tS'Srteijs: chromic Add. [c,™ ««„»,« 

those whiuh contein potash atu reattached to % I'otassium.J .- . j m 

the p„„el,m tabe, tlio latter is rel.eated. .od a.rm.e a«d may be ..tm.at.d a. CWm. e 

a slfea,,, of oxygon Is paned throagh it to •' B.num, Chroioatt. of Lead and Ckron,, la 

oonsamo the f,4 carbon left iatl,etnl. at the »f M.roay, or belter, bj deteminm- the 

olose of the pre.ions roaetion. In ease any "'ooi' '> edicient oaygon oonlainod in it. 

nonvolatUo chloride of carbon condense in the » m«y also be rcdnee.1 to the condign ol .»- 

tube some oxide oi- copper should be placed in qwoxide and tlirown down aa Hydrate of 

the tube before the latter is reheated. At the Chrominni. _ 

end of tbe experiment pan a cu.r«nt of ehlo- To .ip.rat. chroniio acid from MKlurade 

rine into the Lt tube to remi^ the chloro- of chronunm, detmmne in one portion of th. 

platinate of potaasium, so that tie tub. shall material the cbron* acid, aceonhng to one of 

be left in roiJlin.,, tor the reception of matte, the method. , described boloiv, then reduce 

for a neiv analysis. (A. Mitscherlich, Z.S.A another portion a. beloir, and eatimate the 

onolji. CIS-., 18S8, 1. 212.) " »'• «' «'>•. olrennnm a. Hydrate ol Chro- 

r>lilnrniiB A..lrl . miuin, or oxidize this second portion, aa diy 

"intV" t^"li^hgpo«'er. scribed under Chroinate of Sodium, and 

Applications. Estimation of chlorous acid eetimftlc the whole of the chromium as Cliro- 

and chlorites. micAeid. 

Mstliid. Sec Clilorine and Chlorates,— Pnncipls I. Oxidiiing power, 

notably the paragraplis on action of a chlorate Applications. Redaction of CrOj as a pre- 

a forroi. sSt, and upon nitrons acid. liminary ,n flio eslliiiation o^ Cr or to tbe sen- 



Th 



hOleSterln ' aration of H,SO^ from CrO^ (Methods 1 and 

FHiicifde. Solubility in ether and inertness 9). Valuation of chromates, such as bichro- 
reo-ards potash. mate of potaesiura and chrome yellow, separa- 
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tion of Cr from Na, K, NH^, Ba, Sr, Ca, Mg, In case permanganate of potassium is to be 

Co, Ki, Mn, Zn (Method 1, B), Cil, Pb, Ag, employed, take care to dissolve the stanilard 

Hs, Cu, Bi, Sb, As, Sn, Au, and Pt Senara- iron in diluted salphnric acid, and to dihito 

tion of Pb from CrOj. Estiraalion of Fe in largely the solution into which the permanga- 

componndB and ores of iron. Estimation of nat« is to be poured. Instead of dissolving a 

Arsenioua Acid, ferrous salts, and other com- fresh piece of metallic iron for each experi- 

poun(i9 oxidizable by nascent chlorine (Method ment, a weighed quantity of pure sulphate of 

1, B^. Bstimalioti of nitrous acid in presence iron, prepared as described under Chlorine, 

of nitric acid. Valuation of nitrite of sorlium may be taken; or, in case a considerable num- 

(Method 5). Valuation of crude feirocyanidc her of determinations are to be maile all at 

of potassium (Method 6). once, measured portions of a standard solution 

^J«>7.r^. of ferrous chloride may be used. The inefliod 

Met/ioas. ^.^,^^ excellent results (Schwarz). To de- 

1. Reduction of Chmmic Add 6y Cklirrky' termine the chromic acid in dry chroinate of 
dric Acid. lead, place a weighed quantity of (his sub- 

A, Gravimetrie. Chromic acid or a chro- stance in a mortar, poor upon it the standiird 
mate maj- be readily reduced to the condition solution of iron and a quantity of chlorhydric 
of pesquichloride of chromium by boHing the acid, and grind the mixture thorouglily. Add 
dry substance with an excess of concentrated water, and proceed to estimate the residua! 
chlorh_ydric acid. The process is preferable to ferrous salt (Mohr, TUrinnelJiode, 1855,1. 240). 
those in which alcohol, sulphuretted hydri^en, See further Ijhromate ef Lead. 

or sulphurous acid are employed to etfect the B. Another way of estimating chromic acid 

reduction. The solulaon of Bcaquichloride of depends upon the titration of the ferric sa!t 

chromium obtained should be lately diluted formed. For tiie details of this process see 

with water before any reagent is added to it. Chlorates, action of upon ferrous salts. To 

To separate chromium from the alkali-metals avoid tiie effeets of any interference with the 

in such a solution, add ammonia water at final reaction which might be occasioned by 

once to throw doivn Hydrate of Chromium; the presence of chloride of chromium in the 

but to separate chromium from sulphuric acid, solution to be titrated, put a corresponding 

or from oarium, precipitate these substances quantity of chloride of chromium into tlie 

as Sulphate of Barium before attempting to normal iron solution before standardizing it, 

throw down the chi'Omium, — To separate bo that similar conditions may obtain in all 

Cr from Co, Ni, Mn and Zn, add Carbonate of cases. (Braun, ZeUscli. analyt. Ckem., 1867, 6. 

Barium to tiirow down Hydrate of Chromium pp. 63, -54). 

(or bettiu", adopt the volumelric method de- C, For the method of estimating iron see 

scribed in § B). bJChromate of Potassium. 

B. Volumetiie, See Araenious Acid, oxi- 3, Reduction of ckromic aeid by Oxalic Acid. 
dation of by nascent chlorine; and Chlorine, A. Grttawietrk. Treat a mixture of tlio 
action of on Ai^Og and on KI, for descr^tions ehromate to be analyzed and oxalate of so- 
of apparatus proper for effecting the deeompo- dium with sulphuric acid , and collect and 
sition and alworbinz the chlorine which is set weigh the Carbonic Acid formed, or estimate 
tree. See also biCffiromate of Potasrium. the Carbonic Acid by the loss. 

2, Reductmt of Chrome Acid by a Feri-ous jcro, + scjsim, + flH^0i= sco, +.ct^,. aso, + 
Salt. Wi"^' soj + flHiO, 

A. To estimate chromic acid, acidify with For each grm. of chromic acid present it* 

sulphuric acid the not too dilute solution of the substance 2.25 grms. of oxalate of sodium 

the ehromate to be examined, and add to it will be required. Oxalate of ammonium, or 

the solution of a definite quantity of iron, pre- oxalate of barium may bo used instead of 

pared as explained under Chlorine (action of oxalate of sodium in case either of the fixed 

on ferrous salts). The mixed solution should alkalies are to be estimated m the residue, 

be strongly acid, and should of couree contain For the details of the process see binOxide of 

an excess of the ferrous salt. The reduction Manganese (Vohl, Anttaleit Chem. und Phm-m., 

of the chromic acid by the iron solution is in- 83, 398). 

etnntaneous. By means of a standard' solu- The process may be employed in connecUons 

tion of Permanganate of Potassium, or of witli the so-called method of "Limited Osida- 

biCliromate of Potassium, proceed to estimate tion" (see Carbop, p. 76),^ in which certain 

how much of the iron in the mixed solution organic substances are oxidized by chromic 

has been left in the state of a ferrous salt, acid, while others are unacted upon. Jt is 

The difference twtween the amount of iron claimed for the method of limitod oxidation, 

tiius found and that originally tjiken, will as thus applied, tiiat it wiH be found useful in 

show how much iron has been changed from a studying the true composition of many organic 

ferrous salt to a ferric salt by the chromic acid products, such as quinine, thein, morphine, 

in the substance; — the reaction maybe sup- the essential oils, etc.. and that by moans of 

postd to be as follows; — it the nature and quantity of impurity in an 

oPtO + aCtOj = sFcjOs + trjOf oi^anic substance inny be determined. — As 
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has been alreaily stated under Carbon, the when chaa-ged only weighs aliout 190 grammes, 
aciils of tlie atetip or fatty aeries, when once To use the apparatus, the absorption appara^ 
prodneed by the action of dilute ehromiu acid tus is detached, and weighed, after it has been 
on organic substances, withstand all further allowed to stand for some time in cold water, 
oxidation by that reagent. But the oxidation and to hang for half an hour in the balance 
of any organic substance to the state of fatty case; or better, in a room of constant temper- 
acid takes place with almost mathematical ature. It is then reconnected witii the appara- 
precision, aa is readily proved by tiie close tus, and the cold chromic sohition is ptoured 
agreement between the amount of oxy^n into the generating flask. Before chat^ng 
actually consumed in experimenis for effecting the flask some fragments of tobacco pipu 
the o:xidation, and the amount rec[uired by should be placed in it in order to prevent the 
theory. The amount of oxygen consumed liquid from bumping when it subsequently 
mKht be determined by estimating the sesqui- comes to be heated. After the introduction 
oxide of chromium which has resulted from of the chromic solution pour in the oxalic 
the reduction of the chromic acid, but there solution, together with some dilute acid, both 
are objections to that- method, inasmuch as cold, by means of an ordinary funnel. No 
ammonia cannot be used for precipitating the loss of carbonic acid need be apprehended at 
sesquioxide and the washius out of the soda this stage, since some minutes elapse after the 
salts or pota!«ium salts, resulting from the use mixture is made before any of that gas la 
of fixed alkalies, is difficult. Moreover, the evolved. Thrust the cork into the flask and 
atomic weight of chromium is still so uncertain close the stop-cock which it carries. In the 
that the ciJeulation ought not to be based upon course of a few minutes the evolution of car- 
it in cases where gi-eat accuracy is required, bonic acid commences, and large bubbles of 
A better way is to determine the chromic acid air are forced out through the di'ying and ab- 
which has escaped reduction, and subtract sorption vessels. After the comparatively 
this amount from the known quantity of large amount of air which the apparatus con- 
chromic acid taken. ^ The estimation of tains has been expelled, the absorption of 
the chromic acid may^ be effected by means of carbonic acid is confined almost entirely to the 
oxalic acid, as described above. Determine Woulfe bottle. Aft;er a short time air will 
in the first place the stren^ of the chro- begin to be sucked back into the apparatus 
•nie solution by treating a weighed quantity of through the Liebi^ bulbs. When tiiis happens 
it with an excess of oxSic anif sulphuric acids, heat the generating flask gentiy, but not 
and absorbing and weighing the carbonic acid enough to Ibrce gas beyond the Woulfe bottle, 
formed. Then digest a weighed quantity of When no more carbonic acid goes forward 
the oiganic substance to be analyzed witii a heat tiie contents of the generating flask to 
weighed excess of the chromic solution, and boiling, so that the steam may drive out the 
after the reaction is complete treat the mix- carbonic acid. After the steam hta fsurly 
ture with oxalic and sulphuric acids as before, passed into the sulphuric acid for a few see- 
in order to determine how mireh chromic acid onds remove the himp, and tlie moment the 
remaned unreduced. The difference between sulphuric acid b^ins to rise in the pipette 
the two amounts of carbonic acid indicates open the stop cock above tiie genei-ating flask, 
how much oxygen has been consumed. so that air may ent«r and prevent any regur- 
The foBowing apparatus may be employed :-i— gitatiou. During the procias of boiling out 
For the generating vessel pi-ovide a flask with some air will have begun to enter the potash- 
an outlet tube fused into its neck. Close the apparatus, Sucfc now a little air out of the 
flask with a pertbrated cork carrying a stop- potash-ajiparatus, plug its outer end and 
cock tube, the lower extremity of which does leave it for a short time to absorb the ear- 
not project finr into the flask. To the end of bonic acid out of the rest of the apparatus, 
the tube which projects from tlie flask, connect To remove tiie last traces of carbonic acid 
the top of a bulb pipette, the other end of suck a littie air tlirougb the apparatus. Then 
which passes to the bottom of a small two- detach the absorption apparatus, place it in 
necked Woulfe's bottle* containing not quite cold water, and allow it to stand in the bal- 
enough sulphmic acid to fill the bulb of the ance case, as before, before weighing. The 
pipette. This Woulie bottle serves to dry tiie increase of weight represents tlie carbonic 
gas, which is, however, further dried by pass- acid. Instead oi absorbing and weighing the 
ing it through a U-tube containing pumice carbonic acid, it miglit be estimated from the 
stone moistened with sulphuric acid. To this loss, though less convenientiy. (Chapman, 
U-tuijo is attached the absorption apparatas, Jownal London Chem. Soc., 18G7, 20. 227.) 
which consists of a pipette and Woulfe bottle. As regards the quantity of matei-ial to be 
as before, but cont^ning a solution of caustic taken, it may be said that Chapman operated 
potash; tite second neck of the Woulfe bottle upon 0.5 to 0.8 grm. of matters like dcoliol 
IS connected with a set of Liebig's potash and butyric etlier. The chTOmic solution con- 
bulbs, followed by a small drying tuM chai^d tainud about 7 per cent of its weight of 
with lumps of caustic potash. The absorption bichromate of potassium. The mixture of 
apparatus is of such size that the whole of it organic matter and chromic solution was al- 
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lowed to digest for Beveral^ours] at the ordi- little more of the chloride of tin, and agaiti 
naryj temperature, in a sealed tube if need dei^ant. Hepe»t| theae operations until tiie 
were, and was aAerwarda heated fov a few residue in the, mortar is perfectly white, 
mioutea toJ100°'ibefore heing transferred to Knse the mortar with chlorliydrie aeid, add 
the generating flask. In the ease of sub- some iodide of potassium and starth paste to 
stances heated in Sealed tubes, air must bo t)ie stdution in the flask, and titrate with one- 
drawn through the liquid after it haii been tenth normal biehromate of potassium as 
placed Jnlthe flauk, in order to remove dia- above. On the addition of the iodide of po- 
Bolved carbonic acid. tassium some yellow iodide of lead will be 

B. Voltimeiric. Hempel has proposed to precipitated at first, but it will soon dissolve 

titrate chrouutted by means of a standard solu- again. Instead of a standard solution of stan- . 

tion of oxalic acid. But according to Mohr nous chloride, 1.6 to 2 grms. of the double salt 

(^Titrimtelkode, 1855, 1. 240), the reaction be- of chloride of tin and chloride of ammonium 

tn'eun the two substances is slow and incom- may be weighed out and rubbed in the nioitar 

plete, unless the solutions employed are with the chrome yellow and some chlorhydric 

concentrated, and made strongly acid with aoid (Mohr, ioc. ci(., p. 270). 
sulphuric acid. The value of lie solution of To standardize the chloride of tin, in the 

oxalic acid employed has to be determined by first place, proceed as follows: — Fill a couple 

means of permanganate of potassium. of Mohr's burettes, one with the chloride of 

4, Redimtiim of chromic acid hy Siannoui tin solution, and the other with a one-tenfli 

Chloride. Wwgh out a small quantity of the normal solution of bichromate of potassium, 

chromate to be analyzed (0,3 to 0.6 grm. of Let 1 c.c. of tin solution flow into a flask, add 

bichromate of potassium, for example), place to it some iodide of potassium and starch 

it in a flask, pour ui>on it a measured quantity paste, and pour in the bichromate of potas- 

of a standard solution of proloohloride of tin, slum solution until the . liquid is blue. The 

and add a drop or two of a solution of iodide object of this first trial is to enable tlie opera- 

of potassium and a litlle starch paste. The tor to dilute the tin solution understandingly. 

chloride of tin solution is standardbed as ex- It is well to dilute it to such an extent that 

plained below, and enough is taken that it each c. c. of it shall be of approximately tiie 

may be in slight excess as regards the chromic same value as a c. c. of the solution of tbo bi- 

aeid. Shake the flask vigorously, and pour chromate. After this dilution has been effected 

into it from a burette a one-tenth normal the true standardizing begins. To this end 

solution of teChromat© of Potassium until a run out 10 or 20 e. c. of the tin solution, add 

persistent tint of blue is visible throughout the the iodide of potussiuni. and starch, and then 

green liquid, — Aceording to Mohr (Tit- thebichiflmatetoblue toloration. Repeat the 

rirmelhoae, 1855, 1. 268) no good results can operation a second time, with a quantity of 

be obtained by attempting to work directiy the tin solution diffennt from that taken for 

upon the substanue with the standard solution tiie first trial, or as many times as may be 

of stannous chloride. Wlien such a solution necessary in order to obtain i-ceults which 

is poured fivsm a burette into the solution of a agree closelj It is to be i-emombered that 

chromate which has been acidulated with chloT- the standard of a tin solution is destroyed by 

b^dric acid and treated with iodide of potas- diluting with water whuh contains air. (Mohr, 

Slum and starch, the blue color of the iodide 2'itiafnetAode, 1865,1. 257). 
of starch will disappear, it is true, but the 5. Redvction of chromie acid hy Niirovs 

reaction proceeds so slowly that it is hard' Acid. To estimate .a nitrite in presence of a 

to determine the precise moment at which it is nitrate Tichbome {Chemical Neioa, ISBa, 13'. 

complete. The results of analyses made in 117) proceeds as foUows: — In case the sub- 

this way not only differ from those obtained stance to be examined is commercial nitnte of 

by the process above I'ecomniended, but thej , sodium, which is usually contaminated with 

fall below the tinith. For the influence of the carbonate and nitrate m sodium, dissolve a 

oxygen dissolved in the water of the solutions weighed quantity of the substance in a tolerar- 

see prbtoChloride of Tin. biy large quantity of water, and estimate the 

The method way bo applied to the valuation carbonate of sodium with standard sulphuric 

oi chi'ome yellow (chromate of lead) as ibi- acid (see Alkalimetry), taking care not to add 

lows: — Weigh out one or two gi-ms. of ' the an excess of the acid. To hit the precise 

chrome yellow, place it in a mortar together point of neutrality drops of the liqui<l may be 

with soniestrong chlorhydric acid, rub the mix- placed upon litmus paper, and the tatter al- 

ture with the pestle, and allow a standard solu- lowed to become dry bt^bre each iiuw addition 

tion of Btaimous chloride to flow upon it from a of the acid; or a mixture of iodide of pota,s- 

burette, untjl the yellow color of the chromate sium and st^irch paste ma^ he employed as the 

has been completely changed to the green of indicator, since a drop of the nitrite will 

chloride of chromium. As soon as most of not color the mixture blue until all the. uar- 

the chloride of lead has settled, decant the bonate of sodium has been neutralized. In 

supernatant liquid into a flask or buaker, rub the next place weigh out 3 gi-ms of pure bi- 

the i"esidue again with chlorhydric acid and a chromate of potassium for every 2 grma. of 
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the nitrite taken, dissotye it in some water in a dish into a flask of 250 f. e. capacity, and 
well stopperud bottle, add an excess of sul- heat the liquid for half an hour, or an hour, 
phurie atid to tlie loistiire. and cool tlie llask ufjon a sand hath. Then add as much ear- 
in a freezing mixture of Glauber's salt and bonate of lead to the solution as may be 
muriatic acid. Cool the niti'ite solution in a needed to free it from sulphur, cool tlie con- 
simHar way, and pour it carefiilly into the tents of the flask by placing it in water, fill it 
chromic aeiil bottle in sucli a wa^ that it sjiall witli water to the mark, and shake it vigor- 
ftoat above the chromic acid without mixing ously. Throw the mixture into a filter and 
with it to any great extent. Then close the coUcet tlie filtral« in a dry glass. There will 
bottle, remove it from the freezing misture, be obtwned 230 or 240 c. t. of a liquid, every 
twirl it around, and let it stand so as to ac- 50 c. e. of which correspond nearly enough to 
quire the temperature of the room. In the 2 gnus, of tlie dry substance taken. 'lo 50 
eourse of from half an hour to an hour the o. c. of this filtrate add 300 e. c. of cold wa- 
reaction will be complete. The nitrous acid ter decidedly acidalated with scilphuric acid, 
will have i-eduued its equivalent of chromic but not with chlorbydric acid, and proceed to 
auid, and by collecting and weighing the see- estimate the ferroevanide of potassium by 

SLifoiiile of chromium which has been fonned, means of a standard solution of chromic acid, 

le amount of nitrite of sodium in the sample the value of which has been previously de- 

ean be estimated. See Hydrate of Chnwiium terniioed against pure fen'ocyanide of po- 

fyr the precautions to be observed in presence tassium. ^ The chromic acid solution should 

trf' chromic acid. he ol' such strength that 100 c. c. of it repre- 

6. SeiliKtion <tf chromic acid by Feirocy- sent 2 arms. <A forrocyaniile of potassium. 

aniite of Patiixsitiia. The oxidation of the terrocyaaide proceeds 

A. To estimate chromic acid, ^ssolve from rapidly, and is known to be complete when » 
0.3 to 0,7 grm. of the ehromate to be anal- drop of the liquid touched to a drop of ferric 
lyzed in water, acidulate with chlorbydric chloride on a white plate no longer gives a 
acid, dilute with water to about ISli c. c, and green or blue, but a reddish-brown coloration, 
pour into the solution fi'oni a Viurette a stand- It is essential to success that oxidizable mat- 
ard solution of ferrocyanide of potassium, until ters, such as sulphide of potassium, etc., be 
the whole of the ehromic acid has been re- removed from the solution before adding the 
duced, and the ferrocyanide just shows itself chromic acid. But by operating in very dilute 
to be in exeeath The atandai'd solution may solutions and at a low temperature, the action 
he prepaid by dissolving 40 grina. (rf ferro- of cyanides and sulphocyanidcs upon the 
cyanide of potassium in water to tlie volume chromic solution may be avoided. In coni:en- 
of a litre; and tlie eompletioB of the reaction trat«d and strongly acid solutions the sulpho- 
is indicated when a drop of the chrome solu- cyanides present in the crude ferrocyanide of 
taon touched to a drop erf' a decidedly acid potassium would reduce some of the chromic 
solution of ferric chloride upon a white porce- acid. In alkaline solutions the oxidation is 
lain plate, colors it greenish. A green point is found to be irregular. The process is rapid, 
first seen at the edge of the drop, and quickly and yields sufBciently accarate results (E. 
increases. Since s<Mne esperience is required Meyer, ZriMcfi. malyt, Ckem., 1868, 8. 508). 
in onler to appreciate readily this final iHjact- 7. Reduction of chromic acid hy Iodide of 
tion, it is well to weigh out two ei^ual quanti- Potamum. A description of the attempts of 
ties of material for each analysis, and to Zulkowsky to estimate chronuc acid by adding 
employ one of the quantities tor obtaining iodide of potassiuun to the acid solution, let- 
an approximative result. Ahnost enough i^' ting the mixture stand during half an hour or 
the feri'ocyftnide solution to reduce the whole an hour, and then titrating the iodine which 
of the chromic acid may then be added at has been set free with a standard solution of 
once to tlie second tatnple, and tlie test then hyposulphite of sodium, will be fonnd in Juwn, 
applied methodically after the addition of each j»ut-(. t'Aem., 103. 3&1, and Zeilsck. analyt. 
c. c. of the standard liquor until the piojier Chem., 18((9, 8. 74. The process is not yet 
green tinge appears in the ferric chloride, perfected. 

The rea<:tion between chromic Bfl;id and ferro- 8. Reduction of chromic acid by CMoriile of 

cyanide of jiotassium may be represented by Ammonium. See Chromate of Ammonium, 

the following equation: — instability of 

CrO, + «(»F«cr8+™ci=3XareCy(.+ CKa!+SKa+sH,o. 9. Reduction of chrmnic acid by Sulp7iuroas 

(Bube, Journ, prakt. Chem., 85. 53). Acid, Sulphureltefl Hylrogen and AlcehoL In- 

B. Foi' e»tima(ing l!ie vcdtie of crude ferro- stead of employiog chlorhydric acid alone, as 
cyanide of potassiioii, and tiie fused mass from in Method 1, for reducing chromic acid as a 
which it is made, gfind up a sample of the preliminary to the prewpitation of hydrate of 
fused cake, Welch out tea grms. of the fine, (ihrtnnium, the reduetioumaybeeffected cilher 
sifted powder, place it in a dish and boil it in b^ heating the solution of the chromate with a 
about, but no less tiian, 150 c. e. of water, mixture oJ chlorhydric acid and alcohol, or by 
t<^etber with some veceutiy precipitated fer- acidulating the soluiion of the ehromate with 
I'ous carbonate. Wash the contenls of the chlorhydric, acid, and passing sulphuretted 
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tydrogen through the mixture, or by adding a solved in water and acidulated with sulphuric 

strong solution of sulphurous acid and heat- pcid. Tlie completion of the piwi'^^s is in- 

inf! the uaixtui-e gently, ^ceoniinj; to Genth. dicated eitlier by tbe change of colur, or by 

{Chemical News, 1862, p. 32). it is best to em- the appearavic-e and diaappyaraftt'e of the blue 

ploy the sulphurous acid in alkaline eolutioii. reaction on the addition of a lufxtui-e of iodide 

Instead, therefore, of acidulating nilh chlor- of potassium ami atarch pasta, lint the re- 

hydric acid before adding the sulphuroua acid, suite obtained in tiiia way hy O'Neill have 

an excess of sulphurous acid should first be been shown to he erroneous by Gaiith (CJiemt- 

added to tjie solution of the chroiuate. The cal yewn, 1862, p. 32) and by Oudepluys 

mixture should then be carefljlly heated to (Ibid, p. 254) ; the amount of cLroiuiuiu found 

boiling, a alight eseesB of ammonia added to heih^ Innct beloft the truth. — IFi-usenius 

it, and, (he boiling continued for several mln- (Zeitgch. amdyt. Chera., 1862, 1, 500) haa re- 

utes. Tlie reductioB will he far more rapid marked that the process of O'Neli! is niani- 

and complete thai* if the solution had been festly bad in view of tlic observations of 

left aeid. — ' For' a dry clii-omate, or for the Lenssett & Lcewenthal. Thupt! chemists Lave 

highly concentrated solution of a chromatef shown that it is true of sHljJburous acid as it 

clilorliydric acjd is the best reducing agent, as is of protflCliloridc of Tin, that when mixed 

in Method 1. For tolerably strong solutions willi even a small quantity of chromic acid 

a mixture of cbloi'hjdrie aeid and alcohol (or witli permanganate of potassium) in rires- 

may bo used, or, perhaps better, the solution efiee of water, the oxygen dissolved i 

maybe evaporated Bomcwhat, and then.treated latter suddenly becomes active, ami coi 

with chlorhydric acid alone. To decompose an equivalent quantity of tlie snlpliurous acid 

chromate of lead, a mixture of strong alcohol into aulphui'ie acid; and this, in i<pile of the 

and coucentrated ehloi'liydric acid may be fact that chromic acid can only be c-ouipletcly 

employeii. and the Chlori'de of Lead collected decomposed by snlphurous acid wbeii-the liit- 

and weighed in case tlie substance to be ter is largely in eiicss. Even when there is 

analyzed contain no other insoluble matter, much iodhj'drte acid 'n the mixture of chroiinc 

Native chromatc of l«!id must be very finely and sulphurous acidi', the dissolyed oxygen 

powdered or elutriated in order that it may be silll becomes active, lor' chromic aeid isjinot 

completely redocedi For dilute solations, the decomposed by ioilhydric acid when sulphu-- 

use of sulphuretted hydrogen or sulphurous rous acid is present, except after long stand 

acid is to be recommended. The method by ing. Bnt by completely decomposing tlie 

sulphuretted hydrogen often comes into play chromic aeid solution with strong iodhydric 

in the separation of chromium from the heavy add in the first place, it can be atterwai*ds 

metals which form insoluble sulphides; But- coi-rectly titrated with sulphurous acid. (Lens- 

Eihuretted hydrogen is passed into the aeidu- sen & Lcewenthal, Jaiifit. pnikl. Chetn., 1862, 

ated mixed solution, either at once or after 86. pp. 194, 209). 

tlie chromic acid has been reduced with sul- 10. Reduction of clutmiic acii! hy ori/anio 

phurous acid. When sulphuretted hydi-ogen Coloring Malteri. See biChromate of ^otas- 

alone is employed as the reducing agent, the sium. 

acid liquid su[iei' saturated with the sulphu- Principle II. Decomposition of by heat, 

retted hydrogen must be allowed to stan(i in a' A[>plicaliiin. Analysis of compounds of 

modei-ately warm place until the sulphur which chromic acid and scaquioxide of chromium, 

ia set tree has completely auluided. Accord- and of other hydrated iu<ttal)iu chromates. 

ing to H. Bose, the reduction by means of Method. Place a weighed quauiily of the 

suljihuretted hydrogen, though leae rapid than hydrated chromate to bo analysed in a weighed 

that by sulphurous acid, is to be preferred on bulb tube of hard gUss, tonnect a weighed 

tile whole, since in presence of sulphurous chloride of calcium tube with the bulb tube, 

acid hydrate of chromium is somewliat diffl- pass a cun-ent of dry air thiough tho appara- 

cultly prccipitable by ammonia. When alcu- tus, heat the bulb tube cautmu'th till all the 

hoi is used, the excess of it, and the products water has been expelkd from the chromate 

of its decomposition, must be expelled from and aiisoi'bed by tho weighed i hloride of eal- 

tlie liquid before tlie hydrate uf chi'OLuium can cium tube, and Anally heat the bulb tube to 

be preciiiitated witli ammonia, llie use of dull redness to de<.ompoae tlie last ti'accs of 

sulpburoiis aeid, as above, is conviiion in the chromic acid The loss of weight of tlie bulb 

ana]ysia of chrome-iron ore. It is notewoitliy tube ri,piesents tho sum of the weights of wa- 

tliat chromic acid is not reduced hy hypoaul- ter and oxjg<,u which have been expelled; 

phite of sodium. the gain in weight of the chloi-ide of calcium 

A voluinetric process of estimating chromic tube j,nes til e water, and the difference be- 

acid by means of a standard solution of aul twecn the weight of water and oxygen and 

phite of sodium has been described bvONeill the weight of the'water will give the oxygen. 

(Chemical Neiea, 1862, p. 199). Tie value EvtrytGiee equivalents of oxygen found cor- 

of the sulphite solution is determined before respond to two equivalents of chromic acid, 

each series of analyses by titrating a, weighed The scaqmoxide of chrouiium left in the bulb 

quantity of pure bichromate of potassium dis- tube may be collected and weighed in case of 
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need. ^ The process is well adapted for According to Richards (^American Journ. 

the analysis of hjdrated precipitates and hiiKic Sci., 1869, 48. 200), eliromate of barium, 

salts, niiich from being partially soluble in though soluble to sui apijreciable extent in 

water cannot be washed, hut have to be pre- pure ivater, is insoluble in tolerablj- strong 

pared for analysis by pressure between folds saline solutions, even in presence of acetic acid. 

of filter paper. The saline matters which re- On the other hand ohroniate of barium, like 

suit from motfier liquor left adhering to the the sulphate, is liable to drag down chloride of 

precipitate, are finally washed away from the barium and nitrate of baiium, and oonse- 

residue left in the bulb tube after ignition, and quenlly requires to be thoroughly washed, 

their weight is thua determined and allowed The washing should be effected by means of 

for. (Vogel, Joum. prakt. Chem., 1859,77. some saline solution competent to dissolve out 

484; Storer & Eliot, Proceedings American the contaminating salts without acting upon 

Academy, 1861, 5. 197.) the ehromale. 

Chromate of Ammonium. According to A. H. Pearson (American 

Principle. Instability of the salt when Journ. Sci,, 1869, 48. 198), a solution of 

heated. acetate of ammonium may be employed with 

Appticaliom. Separation of Na, K, Ba, Sr, advantage in the sense indicated by Bichards. 

Ca, Mg and Cr, from chromic acid; analysis Pearson proceeds as follows; — The mixed so- 

of chromate of ammonium. ludon ol chromic acid and magnesimn, for 

Method. Mix. the finely powdered, dry example, which may contain much saline mat- 

chruniate with 4 or 5 limes its weight of dry, ter resalting from chlorate of potassium and 

powdered chloride of ainnionium in a porcelain nitric acid used for oxidizing the chromium, is 

crucible, and heat the mixture cautiously un- diluted withwater,a littleoverneutralLtedwith 

til the whole of the chloride of ammonium is ammonia, and then treated with enough aeetic 

expelled. The residue will contain insoluble acid to make it .slightly acid. After the 

sesquioxide of chromium and soluble chlorides acidulated solution has become cold, a soln- 

of the metals enumerated (Bahr, Jdum./iraj:'. tion of chloride of barium is added to it iu 

Chem., 60. 60), A single ignition with the slight excess, and the mixture left at rest for 

chloride of ammonium is usually sufficient to 10 or 12 hours. The clear supernatant liquor 

decompose the chromate completely but it is is then decanted into a filter, the precipitate is 

well, after having weighed tho residue to re washed by deeantalJon with a cold solution of 

ignite it with a fresh quantity of chloiide of acetate of ammonium, — prepared just pre- 

ajumonium, and observe whether the Bt<;ond vious to use, if need he, by adding acetic acid 

residue has the same weight as the first to dduted ammonia water, — and finally trans- 

For the analj-sis of chromate of ammonmm ferrel to the filter, rinsed with water, dried, 

it will be sufficient to ignite a weighed quan and heated in a crucible to expel die last 

tity of the salt, and weigh the residual ses traces of water and of the ammonium salt, 

qaioxide of chromium. To separate sesqui The mixture of precipitate and liquid mnst be 

oxide of chromium from chromic acid ignite allowed to stand several hours before filtering, 

one portion of the substance with chloride of lest some of the chromate pass through the 

ammonium, and determine the lota! iJironuum, pores of the filter and render the filtrate 

and in another portion estimate tho Chioniic cloudy. 

Acid by some one of the methods given under B Gibbs ■(.Imericoii Journal of Science, 

that head. 1861 89, 58) direct! that the alkaline solution, 

Chromate of Barium. m wiich chromic acid is to be estimated, be 

Principle 1. insolubility in water and in neutralized with acefiB acid and then mixed 

saline solutions. with a slight excess of acetate of barium. In 

Applications. Separation of Cr from Mg, case sulphate and chromate of barium be 

Al, Fe, Co, Mi, Mn and Zn (Methods A and thrown down together, the chromic acid may 

B). Separation of Ca, Ba and Sr (Metliod be reduced by boiling with chlorbydrio atid 

C). Volumeti'ic estimation of SOj (Method and alcohol, and the sulphuric acid and oxide 

Dl. of chromium subsequently separated in the 

Methods. In case the chromium is not al- usual way. • 

ready in the form of chromic acid, convert it C. For separating Ba, Ca and Sr, Fleischer 

to that state by some one of the methods of (Chemical iVeuis, 1869, IB. 290) precipitates 

oxidation described under Oxide of Chromium, the three metals together as carbonates (see 

Then proceed as follows; — Carbonate of Caliaum), and weighs the dry 

A. Neutralize the solution exactly, add a mixed precipitate. He then dissolves the pre- 
Bolutionof uitrateof bariiunaudlet theprecipi- cipitato in an excess of standard chtorhydric 
tate settle, then collect, wash, dry and weigh it auid, dilutes with water, heats to expel tar- 
after gentle ignition. The common impression boniu acid, as expliuned under Acidinietry, 
that it is better to throw down chromic acid in and titrates the excess of acid with oiie-bidf 
the form of chromate of lead rather than in normal ammonia water to determine how much 
that of chromate of barium is incorrect (H. of the acid has been neutralized by the mixed 
lijse). carbonates. The neutralized solution is then 
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mixed with biohromate of potassium solution ride of barium. The process is easy and 

and an excess of ammonia mater, the precipitate rapid and yields satisfactory results for techni- 

collected and washed and the amount of chro- cal purposes. 

mate of barium contained in it is determined Pnnciple II. Decomposition of by alkalihe 

volumetrically by means of ferrous sulphate, oarbonatej. 

aa described under Chromic A(Sd. The Applications. Separation of Ba from CrOj. 
ambnnta of caluinoi and Strontium in^tlie mis- Me/hod. Boll the finely divided cliromate 
ture may then be calculated from the weight with the solution of an alkaline carbonate, 
of the mixed carbonates and the amount of pour off the liquid and boil the residue a sec- 
standard acid expended, after subtracting that ond time with a fresh quantity of the alkaline 
which was neutralized by the carbonate of solution. Filter off the insoiublc Carbonate of 
barium. ' Barium, neutralize the filtrate with nitric acid 
D. For extimaling Sul/Auiic Acid, Wildon- and throw down the chromic acid as Chromate 
Btein (ZeUach. analyt. Chem., 1862, 1. 323) of -IHarcury. Two conseuutivo boilings are 
proceeds as follows: — Put the substance to be sufficient to completely decompose chromate of 
analyzed in a Ijshort-necked flask of about 200 barium, am! change it to Carbonate of Barium 
c. c. eapacitv, dissolve it in from 45 to 65 c. c. and chromate of lie alkali. But with a single 
of water, heat the liquid to boiling and allow boiling the decoJii position ia incomplete, for 
a standard solution ot chloride of barium (1 when mixed with any considerable quantity of 
e, c. equal about 0.015 grni. SOg) to flow into a chromate of an alkali the solution of the 
the flask from a burette, until all the sulphuric alkaline carbonate ceases to act upon chro' 
acid fhas been ^precipitated; tlien boil for a mate of barium. — The decomposition of 
minute or a minute and'a hiUf. Take care al- the chromate of barium might be effected at 
ways not to add any great excess of the clilo- the ordinary temperature, but the operation 
ride of barium over and above what is actually would require a long time and repeated poar- 
needed to precipitate the sulphuric acid, ing away and renewal of the alkaline liquid. 
Next add, in ease the solution is acid, enough It is to be observed that carbonate of barium 
dilute ammonia water to a little more tlian may be completely changed to chromate of ba- 
neutralize the liquid, and to the still boiling rium, even at the ordinary teLiiperature, by 
mixture, no matter whether it be clear or means of a solution of norm.il chromate of po- 
cloudy, pour in fi^om a burette a standard sol u- tassium. — By fusion with an alkaline 
tion of neutral chromate of potassium until carbonate (see Chromate of Sodium) the de- 
the excess of chloride of barium is all thrown composition of chromate of barium ia far less 
down. — The solution of chromate of po- complete than by the wet method above 
tassium should be of such strength that 1 c. c. described. 

of it is equal to about 0.01 grm. of sulphuric Properties. Precipitated chromate of ba- 

acid; it should be added by half c. c. to the rium is of a light lemon-yellow ciolor, slightly 

solution under examination unti! the superna- soluble in water, but as good as insoluble in 

tant liquid in the flask shows a distinct yellow various saUne solutions, as has been stated 

color,. No special indicator is needed to show above. It dissolves readily in the njineral 

when the titration is finished, since the preva- acids, but not in acetic acid. It is not precip- 

lence of the yellow color of the neutral chro- itated from solutions containing citrate of 

mate of potassium is of itself sufficient to sodium. It is somewhat more readily decom- 

mark the completion of the process. Even posed than sulphate of barium by boiling 

at^er the addition of the first half c. c. of the solutions of the. alkaline carbonates. The 

chromate of potassium the hquid will become composition of chromate of barium is; — 

clear enough, after a littie eiiaking, to show b«o . . isa .. . m.^ 

whether it is colorless, provided no great ex- '^''*' ' ' i^l " — - 

cess of chloride of barium is present, and as ^^ ""■"" 

successive portions of the chromate of potas- ChrOmate of Sismuth. 

sium are added the liquid clears itself more Principle. Insolubility in water, 

and more readily, so that there is no difficulty Applications. Estimation of Bi in all com- 

in determining when the process is finished, pounds of that metal which dissolve in nitric 

and but a few minutes are needed for the ti- acid to form nitrate of biirauth, provided no 

tration. — To make assurance doubly sure substance which, like citric acid, prevents the 

single drops of the standard solution of chio- precipitation, be present. Separation of Bi 

ride of barium may be dropped into the now irom Cd. 

clear liquid, which has been made yellow by Method. The solution to be analyzed 
addition of chromate of potassium, until it be- must be as nearly neutral as possible. Hence 
comes colorless. Usually a very few drops in case it contains much free nitric acid 
win accomplish this result, and at the roost no evaporate it upon a water bath until the excess 
more than O.S c. c- will be required. Begin- of acid is expelled. Then pour it into a warm 
ners not yet acquainted with the process may solution of bichromate of potassium contained 
filter the yellow liquid before praeeedinn; to in a p- rcelain dish, taking care to stir the mix- 
make it colorless by adding the drops of dilo- turc and to have the chromate of potassium 
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rVsghtiy in eJfcpsffl, Use watw acidulated with 
iiitnc aL-id to wash out the dish that coiiUitieil 
liie hiiiiautli sulutiuii. 3oil tbn couteute of 
tim disli i'ur ton mhiutes, with stirring; tjit^ 
dijcaBt ihn sqijti'uabi'iit liquid into a vreigbed 
filter and wash thu [ir^ipitat^ jn the dish b^ 
boiling it rupeatcdlj' with fresh portions M 
water, and deuanliiig th^ liquid ifito the filter. 
After awhile traiister the precipitate to the fil- 
ter, wash it thoroughly with boiling water, dry 
at about 1 1 2°, aii<! wisigh. ■— In the case of 
separating bisiuuth frum uadmiiuu the filtrate 
ftum the i-hromate of hiamijth ia concentrfttud 
by evapoi'alion and the cadmium pneeipitalell 
as Carbonate of Csd'nima. ^ The precipi- 
tate which Ibri.nv when the hiauiuth solution is 
added to the bjfihromritB fihoujd be orange- 
yellow colored and dense throug^ut. If it is 
duticulent and has tlie color of yplk of egg 
that is a sigu that too little ohromate of pota«- 
Eiuiit haa heen lun^i.. In that event add some 
more of the Uchrumate, and boil the mixture 
until tlie precipitate has the proper appear- 
Buee. Cave miijit always be t^en, however, 
to avoid adding t(W D>uuh of th^ bjchrumaje. 
The process yields very tiatlslactory rBsi}lts. 
(Lojwe, Jamil, pr^t. Cim/i,, 67. 4S4.J 

According to IVesenias the volqipctric 
method of Pearson (P/«V, MojJ. (4.)' 
2U4), depending on the principle if> (juestioD) 
is uot to be commended, since it is based !}pou 
the mistaken assumption that chrgjiiftte of bis- 
muth ia insoluble in dilute iiitric auid, while, 
in fact, it is only insoluble in tliat lir[uii wlien 
mixed witii a siilflcient e^fcess of chrojnalB of 

Properties. Tlie precipitate produced bj' 
Bi. h po h ^^ 

A n^ 11 w powd wju h tt 

dylpsob nw e pps- 

mlrhm dh sob 
h h d d 



Chromate of Copper. 

Priiicpte. Oxidizing poiver of. 

AppUaUioii. Kstimation of sulphur in fir- 
ganic compounds. 

MelkoiL The substance to be analyzed 
and the eliroinate of topper are mixed in 
the ordinary way Ih a combustion tube of 
hard glass, and the ignition is conducted in 
the usual manner, in deseribed under Carbon. 
The pnH;autions to be obsei'yed are that an 
abundance of the chromate of copper is mixed 
with the substance to be analyzeil; that tlio 
ComhuKtiou is etfeeted in a lai'ge and capacious 
tube, so that a wide ehannel may be left above 
the mixture; that the combustion be proceeded 
with very'slowly, and that the anterior part of 
the tnhe is kept at a temperature loiyer than 
that at which sulphuric acid can be expelled 
irojn sulphate iA copper. The reaction be- 
tween the chrouiate and the organic substance 
may easily be violent enough to project matter 
iruin the tube, nniees care De taken to moder- 
ate it. ^ When the combustion has ceased 
treat the contents of the tube, which consist of 
a mixture of the oxid^ of copper, and of 
chrouijum, and chrO)jjat« and sulphate of cop- 
per, with stroug chliwhydrlc acid, add some 
alcohol and heat the mixture in order to re- 
duce Quo chromic acid to oxide of chromium. 
When the iitjuid exliibits a pure green color, 
filter it, and (u the hot filtrate throw down the 
sulphuric acid as Sulphate of Barium (Otto, 
Zeituck. analp. Chem., 18B8, 7. 117). 

According to Utto, the merits of the pro- 
cess consist in the lai^ |H'oportion of active 
oxygen contained in the chromate, whence a 
coniparatively small ijuantity of it will effect a 
q k nj p 

b btd d w h p tr 

D so h he g as b 
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Chromate of Ca|c um 

P ncp D po 

cabo 



y all. 



Method. See Ciroinato of Bi 
tingle boiling with the alkaliae i^arbonatc will 
be suffleient to couipletely decompose chror 
niate of calcium (U. Rose). 

Chromate of Chromium' 

Principle. Decomposition of by heat. §8,e 
Chromic Acid, decompotition c^ b/ hmtr 



Chromate of Lead 



compounds of t}i4t (netal which are soluble in 
water and nitric acid, excepti]i}| such as contain 
substances liki: citric acid, which prevent the 
precipitation, fistiniatipn of chromic acid. 
Separation of, chromic acid fropi Ca, Sr, Mg 
and SOg. Estimation of sulphuric acid in 
siiijihates, and of phosphoric acid in phos- 
phate, — also in itianuj-es, urine, etc. 
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CHROMATE OP LEAD, l03 

Metkod J. To estimale Lead proceed as fol- A distinct red coloration, due to chromale of 
lows; — silvw, will appear as soon aa a small excess of 

A. Graciinetric. If the solution to be ex- the hiehroinate has been added to the lead so- 
amined is not, already dietinctly acid niake it lution. Any particles of cliromate of lead 
so wilh acetic acid; then add bichromate of ivbich may be brought into the drop of nitrate 
potassium in escess, and if free nitric acid hag of silver rem^n sut^pended tliei'e without re- 
been pre««nt add enough acetate of sodium to acting upon the silver. 0.1 u. c. of tlie bichro' 
remove the free nitric acid, and replace it wilh mate solution used should be deducted as an 
free acetic acid. Let iha mixture stand in a ailotrance for the excesa. Unless a sufiicient 
warm place to settie; collect the precipitate quantity of acetateofeodiumbepresenttheliq- 
on a -weighed filter; wash with cold water, uiJ will become vellow colored, tbi'oueh excess 
dry at 100°. and weigh. Or the precipitate of biehi-omate, belbre the reaction with pilver 
may be coUecteil ou an unweighed filter, and is obtained. In that event add some more ace- 
ignited at a low heat in a. porcelain crucible, if tate of sodium and 1 e. c. of a iitandard solution 
care be taken to remove the powder com- of lead containing (1.0207 grm. of lead in 1 o. 
pletely from the pa[«r, and to bum Che latter e. Complete the [iroceiS in tiie usual way, and 
by itself. The process vJeldH accurate results, deduct another c. c. troni the amount of bi- 
bat, according to H. Itose, in ticw of better chromat« uaei!, aa an allowance for the lead 
processes, tliere are coiuparatively few oases added. Alt metals whose chi-oniates aro insol- 
in which it can be used with advantage. uble must be removed beibre the method can 

Instead of drying and weighing the washed be employed. If iron be present it nmst be in 
precipilAte as above. Schwarz (ilnno/eii Chem. the form of a ferric salt (Schwarz, Dingler's 
uiidPkarm., 84, 92) treats it with chlorhydiic pulytech. Jowm., 169. 284). 
acid and a measured quantity (an excess) of a C. To estimate SulphuHc Acid. Besides 
solution of ferrous chloride of known strength, the one-tenth normal solution of bichromate of 
Scsquichloride of chromium, chloride of lead potassium described in B, prepare a two- 
and H;rric chloride are formed. The mixture tenths normal solution of nitrate of lead (33.1 
is filtered to remove the cJiloride of lead, and grm. to the litre). Mix the solution of the 
the excess of ferrous chloride is deterniined in sulphate to be tested with a measured quantity 
the filtrate by means of permanganate of po- of the standai-d lead solution, takin}{ care that 
tassium, as explained under Chromic Acid (re- a small excess of lead shall remain unprecipi- 
duction of by a ten'ous salt), or in some other tated. Collect the sulphate of lead upon a 
appropriate way. ^ Tiie difference between filter and wash it. Mix the filtrate with ace- 
tic amount of iron taken and that (bund in tate of sodium, and titrate the lead with the 
the filtrate gives the quantity which has been standai'd solution of bichromate, as in B. 
oxidized by the chromate of lead, and every Each c. c. of the lead solution Which was ex- 
three equivalents of iron thus oxidized corres- pended in precipitating sulphuric avid repre- 
pond to one equivalent of lead. The procesf , sents 0.008 grms. of sulphuric acid. The 
though complicated and rai-ely applicable, process yields satiiActory results, tliough they 
yields tolerably accutate results. MolU' (Tit- are naturally a trifle too low in view of the 
rinaelliode, 1S56, 1, 199 and 2. 107) has solubility of sulphate of lead. The presence 
made some slight, and, as it seems, ill-founded of salts like acetate and nitrate of ammonium, 
objections to the process, but later experi- which increase the solubilitj' of sulphate of 
nvents ol' Frescnius have shown it to be exact, lead, must of c-curse be avoided as far as m«y 
Compare Chroimc Acid, reduction of by Sir- be possible. ^ Instead of filtering the sul- 
rous salts. phate of lead, the mixture of liquid and precip- 

B. Volumetric.' Add ammonia or carbonate itate may be allowed to settie in a graduated 
of sodium to the nitric acid solution of the cylinder, and a portion of the clear liquid 
lead as long as the precipitate redissolves on taken out with a pipett« for aualysia, without 
shaking. Add a solution of acetate of sodium any great sacrifice of accuracy. Calcium and 
in not too small quantity, and poiir iiito the severalothermetals which would interfere with 
solution from a burette a one-tenth normal so- the process may be separated with carbonate 
lution of bichromate of potassium (containing of ammonium. Chlorhydric acid must be got 
14.73 grms. to the litre^ till the precipitate be- rid of by evaporating with an excess of nitric 
gins to settie rapidly. Then place a number acid on a water bath, for in a concentrated so- 
of drops of a neutral solution of nitrate ot' sil- lution some chloride of lead would go down 
ver on a porcelain plate, and proceed more with the sulphate. ^ If phosphoric or ar- 
catitiously with the a/ldition oi'the bichromate, senic acids are present tUo process bci'omes 
adding only 2 or 3 drops at a time, and stir- less simple, but it is still possible to employ it 
ring Siorougbly alter each addition. A few by flret precipitating the sulphuric acid with the 
seconds aiter each new addition of the bichro- lead solution, from a nitric acid solution ; then, 
mate, as soon as the precipitate has settled, so after filtration and addition of acetate of so- 
as to leave a tolerably clear lituid, take up a dium, the phosphoric or arsenic acids as phos- 
drop of rlic liquid and touch it to one of the phatfl or arseniate of lead. The excess of 
drops of nitrate of silver on the while plate, lead is tlien determined in the last fiUratejvtha 



yGoogle 



184 CHKOMATE OF LEAD. 

phosphate or araeniate of lead is dissolved in ation, since f 

nitric acid ; the solution is mixed with a great eipitate rema 

eicess-of bichromate of potassium, and the carbonate of sodium, and the proportion thus 

precipitated thromate of lead colleoted and ti- dissolved increases with the amount of the car- 

trated with fei'rous chloride, aa in A. bonate oi' sodium, i^'or estimating phosphoric 

To separate sulphuric from chromic acid the acid in urine the titration ahoSd be pre- 

latter may either be redaced with sulphuretted ceded with a precipitation bj' chloride of eal- 

hjdrogen, at the risk of converting a JittiB of cium and carbonate of sodium. The process 

the latter into Bulphnric acid or the two acids is said to yield very satisfaetocj' results 

may be precipitated together with the lead so- (''ohwarz, Dingler's pedytech. Jtntm,, 169. 

lution, and tliu chromic acid estimated m the 294) 

pecipitate, or in another portion of the or Instead of the two-tenths normal solution of 

iginal substance (Schwarz Dingers jolyteck lead employed by Schwarz, Mohv {Zeilsch, 

/oum., 169. 289). ant^ /L Cketa., 1803, 3. 283) recommends a 

D. To estimate Phv^lortc Aad The three tenths normal solution (49.671 gi-ms. to 

same standard solutions are needed as in C the litre), and enjoins that care he talcen not 

and the operations are similar m principle to to add any too great excess of it to the solu- 

. those described in C. An aqueous solution of tion of the phosphates. ~ According to 

the phosphate of an alkali metal or a nitric Mohi the process is almost absolutely correct 

acid solution of the phosphate of an alkaline when neutral solutions are operated upon, but 

earth is mixed with an excess of the lead solu- is less exact, thouj^h still exceedingly valuable 

tion, and then with an excess of acetate of so- for technical purposes, when the liqnid is acid, 

dium. Ti'iphosphate of lead (3 PbO, P^Oj) as when the phosphate of an alkaline earlh is 

goes down as a flocculent precipitate, which, dissolved in acetic acid. The trouble lies in 

after having been aJlowed to settle, is col- the fact that the indicator (see Chromate of 

lected upon porous filter paper and washed. Silver) is less delicate in the presence of acetic 

The excess of lead is then determined in the acid than it is in nqueoua solutions. It is of 

filtrate, as in 0. l"or eauh c. c. of the two- tlie first importance, therefore, to have as lit- 

tenths normal lead solution 0.004733 grms. of tie free acetic acid as possible in the iiquid to 

phosphoric acid may bo allowed (i. e., two- be titrated, anil to keep the volume of the liq- 

thirdsof O.O07t). The processes of filtering uid aa small as possible- — For the eslioin- 

and washing are not bo easy as they are with lion of phosjihoric acid in urine Mohr adds 

the EuSphate of lead of Method C. But by magnesia mixture to the liijoid, coUects and 

warming the mixture it is possible to make the waahes the Phosphate of Magnesium and Am- 

precipitatedphosphatesomewhatmore6ompact, moiiium and dissolves !t in acetic aejd before 

after which ojieration it is well to bring the proceeding with the titration, 
mixture to a dutinite volume, and to take out Method 2. To estimate Chromic Aci/l mix 

a portion of it widi a pipette for analysis, the solution with acetate of sodium in excess, 

eitlier belbre or aJter filtering tlirough a dry add acetic acid to strong acid reaetion and 

filter. ~ Accoi'ding to Mohr, the liquid must finally a solution of acetate of lead as long as 

always be absolutJjly free^rom suspended par- any precipitate fidls. Collect and weif;h 

tides of phosphate of lead, for this salt would the pi-ecipitatc as in Method 1. The resqlts 

bo decomposed by the solution of bichromatti. are accurate. 

The presence of oaluimn does no harm. If Prt^erlies, Cliroraate of lead is a bright 
iron ^or almiiiuuiii "be pre.'^eiit they will be yellow precipitate, insoluble in water and 
thrown down as phospbatcs when acotal« of acetic acid, and but little soUiblo in other di- 
sodium is added to the solution, and must lute acids. It is as good as insoluble in a 
be separated by filtration. If the precipitate dilate solutJon of acetate and nitrate c£ ammo- 
contains no other metal than iron the amount nimn, slightly acidulated with acetic acid. For 
of the latter may he. determined, in most cases Brown's experments on its solubility in ni- 
and 1 equivalent of Pj O, allowed for each trie acid see Dictionary of Solubilities. It 
equivalent of FoaOg found. Pliosphate jf iron is readily decomposed by hot chlorhydjic acid, 
cannot be decomposed by nitrate of lead, but and dissolves easily in hot oil of vitriol and in 
the phosphoric acid can easily be separated caustic alitaljes. ^ Aceordin» to Mohr 
from it by m(^ns of m^nesia. — In ease (TitHrmethode, 1855, 1. 199). chromate of 
sulphate of calcium, or magnesium, or a lai^e lead may he completely precipitated from a 
proportion ?of chlorides are present in the solution of flitrate of lead, even when the lat- 
inixture to be analysed, the solution may ter is rather strongly acidulated wjth nitric or 
he treated at the temperatura of boiling with chlorhydrjc «cid, proyided a distinct excess of 
carbonate of sodium, and the mixed precipi- bichromate rf potassium be added to the acid 
tftto of carbonate and phosphate of ma^qesiijm liquid. P. apjwars that, although chromate of 
and calcium jmay bo dissolved in niti-ic or lead by itseU' is decomposed and diasojvod to 
acetic acid for the analysis, after tlie sulpliate a certain extent by strong nitric and chlorhy- 
and chloride of sodium have been washed out of dric acids, tlijs action cannot occur in presence 
it. tome phosphoric acid is li»t in Iheoper- of an excess ol' chromate of |x>tassii|HW It 
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CHEOMATE OF MERCIIH 



would Boera as if the excess of acid went to 
combine with the potassium of the hichromate, 
and as if ehroraate of lead were insoluble in 
chromic acid. Ghromate of lead dries thor- 
oughly at 100°; it is permanent in the ^r, 
a d off 1 nge when heated to temper- 

at re 1 w tl n ts melting point, excepting 
that wl h t t exhibits a reddish hrown 
I It fa at a red heat, and at higher 
t rape t t f, ves off oxygen and 

I d to has chromate rf lead, m x d 
w th sq If chromium. Whsm h 1 

td*.t tl organii! matters it ad ly 
(C p yg to the carbon and h)d on- 

wh h th y t . Ita composition i — 



Principle II. Oxidizing power of, d f t 
of its fusing at a red heat. 

JtppHciUioni'. Estimation of carbon 
ganiu substances. 

Melhnd». See Carbon, pp. 73, 74, 7S 

Tor use in organic analysis, "chrom t f 
load may be prepared as follows; — Aid 
solution of bichromate of potassium m slight 
excess to a clear filtered solution of acefate of 
lead, slightly acidulated with acetic acid. 
Wash the precipitate repeatedly by decanta- 
tion with water, then collect it upon a piece of 
cotton or linen cloth, and again wash it thor- 
oughly. Dry the powder, put it in a Hessian 
crucible and heat the latter to bright redness, 
until ita contents are fMrly fused. Then pour 
the melteil chromat pon 1 b f -*--- 



. pulverize|th 
sitt the powder th h 
tallic sieve, and ke p tl 
bottles. When pr p I 
mate of lead wiU fp a 
yellowish-brown po d 
irooi substances s 1 bl 
any contamination th 
asrdusL To test wh th 
panic matter, heat 
tube of hard glass, a 1 



I d hromate, 
t 3 bl fine 



P P 






Juch , 



itopjiered 
1 the chro- 

I h Id'be free 
w t and from 
; tter, such 

t be f from or- 

i t to lime wa^ 
y be evolved. The for- 



of any precipitate of carbonate of 
caiciuni would indicatejimpurity. — Ghro- 
mate of lead may be used over and over again 
indefinitely, if it be powdered, moistened with 
nitric acid, dried, and fused after each com- 
bustion, For the second time of using the 
nitric acid may be omitted; it will tlien be 
sijlKcient to roast, fuse and powder the chro- 
matu. (Vohl, Annalen Chem. und Fhnrm., 
106. 127.) When used for'.the combustion of 
sulphur compound? in long tubes, the chro- 
mate of lead may be used three or four times 
without refusion, and may afterwaids be 
treated by Volil's process, above described, 
just as if no sulphur were present. (Carius, 
Annalen Chem. und Pharm., 116. 28). 

Chromate of Mercury. (Mer- 

curoue chromate). 



Principle. Insolubility in water. 
Applications. Estimation of chromic acid. 
Separation of chromic aeid from Na, K, Ca, 
Sr, Mg and Cr. ■ ■ 

Melhod. Make the cold solution \ery 
slightly acid with nitric acid, so that it may 
redden litmus paper only very feebly, and add 
a solution of mercurous nitrate aa long as any 
precipitate fiills. Then carefully add a_ few 
d ps f ammonia water until the precipitate 
turn lightly brown. The precipitate is some- 
wh, t oTuminous at first, but on standing it 
b m heavy and settles well. After the 
m t has been allowed to settle, collect the 
p ee p t'ite upon a filter and wash it witli cold 
w t which has been mixed with a small 
q ty of mercurous nitrate. If pure water 
w ed, cloudy washings would run throimh 

th filt r. Ignite the dry precipitate in a pla- 
t n ruciljle, and weigh the sesquioxide of 
1 m m that Is left. Even when the pre- 
p t. te is contaminated with small quantities 
f luble chloride or fsulphate of mercury, 
n th but oxide of chromium will be left 
af ong ignition. But the method sliould 

nevertheless be avoided when the solution to 
be aualvned contains any very large quantity 
of a sulphate or chloride. — The process 
is specially commended by H. Rose, who finds 
it decidedly preferable to the processes depend- 
ing, on the hisolubility of chromate of lead 
and chromate of barium. It is somewhat less 
exact when applied to the separation of 
chromic acid ftom oxide of chromium, since a 
small quantity of the latter is liable to go 
down with the chromate of mercury. 

Properties. The chromate formed by pre- 
cipitating mercurous nitrate with bichromate 
of potassium is a basic compound (4Hg,0, 
SCrOj). It is a bright red powder, which 
turns black on exposure to light. Ammonia 
water converts it to a black powder, about 
half the chromium in which is m the state of 
sesquioxide. It dissolves very sparii^ly in 
cold water, but more fiwjly in boding water, 
partly in the form of mercuric s^lt. It is 
slightiy soluble in ammonium salts. Chlorhy- 
dric acid decomposes it with formation of 
mercurous chloride and chromic acid. Nitrous 
acid or a nitrite reduces it. At a red heat it 
is resolved into oxygen gas, mercury vapor 
and sesquioside of chromium. 

iifonoC hromate of Potassium, 

See Chromate of Sodium. For tlie use of 
monochromate of potassium as an indicator 
in the volumetric estimation of silver and 
chlorine, see Chromate of Silver. 

Bichromate of Potassium. 

Principle. Oxi^zing power. 

/« Applications are numerous m volumetric 
analysis. As a material for preparing stand- 
ard solutions it has the merits of being cheap, 
easily kept, easllv weighed and readily ob- 
tained in a stat^ of purity. Valuation of 



,y Google 



bicliroraate of potassium (Methods 1, 4). 2. Reduction of the Uchramafe ly Ferrovs 

Preparation of n standard solution of iodine SaiU. See the Korrespondinji; hefidinp; under 

(Method 1). Eatimatioii of iron (Method 2); Chramie Add. Scj also Fen-ous Salts. To 

of oxalie acid (Metliod 3) ; of tin (Method prepare a normal solution of bichrouiate of 

4) ; of antimonious and arsenious atids (Method potasrium, dissolve 14. 769 grin. (1 equivnlent) 

6); and of coloring mattws (Method 7). of the pure salt in water, and dilute the solu- 

Methoils. tion to the volume of 1 litre. 60 c. e. of sneh 

1. Red'iClion by Cklorhydr'w Acid. See a Boiution corresiionii to 0.84 grm, of metallic 

Arsenious Acid and Chromic Acid. To de- iron, or the whole litre to 0.6 equivalent (= 

termine the value of a sample of bichroniat* 16.8 grms.) of iron, which may be converted 

of potassium weigh out 0.3 or (1.4 grm, of it, from the state of protoxide to that of sesqui- 

place it in the flask of an apparatus such as is oside, Care must be taken to use perfectly 

described under Chlorine (action of upon KI, pure and dry bichromate. To drji' it, heat it 

and upon AsjOj), pour upon it a considerable in a porcelain crucible until it bt^ius to fuse, 

excess of pure fuming ehlorhydric acid, free allow it to cool in a dessiciitar, and weigh out 

from anj' contamination of chlorine or sulphu- the required quantity when the salt is cold, 

rous acid, and heat the flask. Alter 2 or 3 Besides the ordinary nomial solution another 

minutes boiling the whole of the chlorine will soiution should be prepared ten rimes more 

have passed out of the flask, and have liber- dilute (see Aikalimetry, p. 18), containing 

ated a corresponding amount of iodine in the only 0.01 equivalent of the bichromate in the 

absorbing vessel in case iodide of potassium litre. It is well to test the correctness of the 

were placed in it, or have oxidized an equiva- standard solution thus prepared, by using it to 

lent amount of arsenious acid in case arsenite oxidize a known weight of pure iron ^ The 

of sodium is used as the absorbent. No loss details of an actual estjmadon of iron are as 

of chlorine need be apprehended at the mo- follows: — Mix the rather dilute solurion of 

ment of adding the cmorhydric acid to the the Ferrous Salt with enough chlorhydrie acid, 

bichromate, for the evolution of that gas does or dilute sulphuric acid, to make it decidedly 

not begin until the mixture is heated. When acid, and add a standard solution of hiChro- 

the absorption liquor has become quite cold, mate of Fotatisium, until a drop of the liquid 

transfer it to a beaker and estimate the Iodine ceases to yield a blue color when tested with 

or the Arsenious Acid. Three atoms of chio- ferricyanide of potassium. The bichromate 

rine are liltevated for «voty molecule of solution must be poured slowly from a burette 

chromic acid. The decomposition of the hi- into the iron solution, and the latter should be 

chromate by the chlorhydrie acid is rapid and constantly' stirred wltli a thin glass I'od. The 

complete, and although it niay sometimes liquid, which is at flrst almost colorless, soon 

happen that a little of the volatile compound acquires a pale green tint, which gradually 

dilorochromic acid (GrClg, CrOg) goes forward changes to a darker chrome green. From 

no harm is done, inasmuch as this compound time t« time a small drop of the liquid should 

liberates just as much iodine as would have be allowed to fliU from the stirring rod ujion a 

been liberated by its components. (Bunsen, drop of a solution of ferricyanide of potassium 

Anwilen Ckem. imd Pharm., 86. 279). on a white plate. ^ To save lime, a num- 

To prepare a solulion of iodine of known her of drops of the ferricyanide solution should 

strenglli, Bunsen conducts a known quantify of he put u]Jon the plate beforehand, and the 

chlorine into an excess of iodide of potassium, iron liij^uor should be added to these drops in 

in aqueous solution, 'ilie known quantity of regular order. As soon as tlie test ceases to 

chlorine is obtained by heating pure bichro- show a strone blue reaction, tlie bichromate 

mate of potasdum with chlorhydrie acid, as must be added slowly aud carefully, and 

abofe described. To this end weigh out towanis the close the test should he applied 

about 0.35 griii. of the pure bichromate, which after each new addition of two drops, or even 

has been dried by heating it just to fusion, one drop of the bichromate solution Towaids 

and proceed as above. Enough of the soiu- the veiy list i couple of drops ol the irtn 

tion of iodide of potassium must be taken to solution should he ^ken for the Jenicjaiiide 

hold dissolved all the iodine which is set free, test, and an appre<.iable Unie should be al 

The cold, perfectly clear brown liquid is rinsed lowed for the appearance of the reaction 

into a beaJier and is known to contain a defl- The oxidation is complete when no fuilJier 

nite c|iiantity of iodine, for each molecule of blue Loloration of the ft,mLyanide is iiiani 

the biehroniate taken corresponds to 6 atoms fested The reaction being exceeding aeiisi 

of iodine. With proper care this method an- tJye it is easy to hit the exact moment when 

swers very well, liut it requires skiUiil ma- the oxidation is complete lu order to make 

nipulation, and is less convenient tlian the the results as accurate as possible, it la best to 

ordinary method of weighing out pure Iodine umploj two solutions of Uie hichniuiaU, the 

and dissolving it in iodide of potassium. It one comp lativelj strong and tlie oth weak 

has the disadvantage, moroover, of depending A noimil lolut nn nnv bt, ustd it fi t but 

on the atomic weight of cliromiuui, which is just at thtcnd of tie irtte=s a one ttnth id 

stiU somewhat in doubt. mal solution should be employed ihe iion 
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solution must be kept ileeidedly acid in order this empirical c-alciiintion ia to be pouglit in tbe 

to prevent the deposition of any bromn chro- incomplete deeonipojition of the biehromate by 

mate of thpomiuiii, npon which thu ferrous the tin solution rathw than in any error in ihe 
Bait would exert sciiruiily any deoxidizing ac- ■ accepted atomic weight of tin. •— Incaaotbe 

tion (Penny, Sehabiis). — The process has tin solution to be examined contains stannic 

special merit in that the standard t^olution chloride aa well as stannouii chloride, deter- 

of tbe bichroinate can be easily made 1 n e he amount of the latter in one portion of 

kept. For (he methods of ehanf^ing a f n hi tion, and iii another portion throw down 

salt to the condition of terrous salt, to j pa he whole of the Hn by means of zinc, dia- 
it for analysis see Ferric Salts. I e n chlorhydric acid and by means of the 

An indireut gravuuetvic uietliod of s ma b hroraate solution deterroine the whole of 
ing iron, proposed by Vohl (.4iif)((/er Cher h n (Strenp, Paggendorjf'e Aimalen, 92. 
uiid Pharm., B4. 218), depends in part up n 6 M hr, TitTmnelhofle, 1866, 1. 264). The 
tliis principle. The soluljon of ferruu sal p ot is but little esteemed. — Ac- 
whit h must bt highly toncentiated is mixed cor ling to Mohr (inc. ei(., pp. 260, 262, 267), 
■with a slight ettesa of bithioimte of potas the results are liable to vary sightly from one 
«ium and the excess of the bichromate is de ai othtr in a manner not reailil^ explicable. 
tenumLd by heating it with an otalate and The results always come out a litlle too low 
c illeitmg and we ghiii^ the tiirboiiic atid when the iodide of potassium and stareh are 
«hi(,h IS cvolvtd (see undtr Chromic Acid) added directly to the tJn solution, as above de- 
The quintit\ ot iron is cUtulated from tiie scribed — Better results are obtained in 
weight ot the bichromate thit whs consumed operating as fi^iows; — Take a measured quan- 
m oxHliziiig It Tlic piocess is comphcaled tit} ot the bichromate solution, acidulate it 
and difficult with chlorhydric Bcid, and pour the tin solu- 

3 Relictitn nf Ike hUiinmale by Oxahi, tion into it from a burette until the pure green 

And Mix thi oxalate to be analyzed with color oi chloride of chromium appears, A<1(1 

an cMies^ of bichromate oi potassiinn, add jet another c. c. of the tin solution, then mix 

sulphuric acid to the mixture, and coUe* t and with the liquid the iodide of potassium and 

weij;h the carbonic acid tliat la etulicd 2 «taich and pour in the bichromate of potas- 

equivalents o! carhoniu acid will be obtaincJl tiuni liom the same burette whence the nieas- 

foriwh equjvalentot oxalic acid in the "ub- ured quantity was taken, until the .appearance 

stance In case fret oxalic acid is to be exam- of the blue color. Compare the similar head- 

incd suptrsaturate it slightly with ammonia ing nnder Chromic Acid. 

water liter wetn;hin^ before proceeding Willi 5 Reiluction of Ihe bichTomole ha Ferro- 

the analjsis For forms of appiratua proper cyanule nf Poia^sium. See Chromic Acid, 

fir effecting the decomposition see Oartxinic Ihe reaction between bichromate of potassium 

Acid volatility ol (Vohl) Compare Chromic and ferrocyaiiide of potassium is asfijllows; — 
Acid The same principle is ^involved in one BK,FeCj-. + KjO, acrt, + HHCi = SKsFsCrg + sKCl + 



e iiietliods of estimation of iron, described 

under the head reduction of the bichromate by Hence 21.122 grms. of crystalliKcd fen-ocyan- 

a ferrous salt. ide of potassium are uquiviJent to 14.75!) jirms, 

4. Reductimi of Ihe bichromate by Slannous of bicfiroiuate ol' potassium (E, Davy, Phil, 

Chloride. Miuj., (4), 21. 214). 

A, For the method of estimating chromic 6. Reituclion oj thelikhroma'ehy Arsemous 
acid ill tliis way see the analogous heading ami hi/ Anlimonioia Acids. The details of tbe 
under Cliromic Acid. nieihod lor estimating Antinionious Acid (s<'e 

B. To estimate tin bfino; tbe metal into so- p. 31) and Arseuious Acid (p. 46) are as fbl- 
lution in chlorhydric acid, in a flask, orif it be lows; — Prepare a staudal^^ solution of bi- 
alreadv in solution acidulate the liquorstrongly chromato of potassium which shall contain 
with c-hlorhj-dric acid, add a small quantity of about 2.5 grms. to the litre. Weigh outex- 
a solution of iodide of pot!B"sium and some actly 5 grma. of pure arsenions a«id, dissolve 
tliin starch paste, shake the flask continually it in a aolution of carbonate of sodium, slightly 
and pour into it from a burette the standai'd acidulate the solution with chlorhydrie aciii, 
soluljon (one-tenth normal) of bichromate of then add 100 c. e. more of chlorhydric acid of 
potassium, prepared as above described, until 1.12ap. gr., and dilute to alitre. Each c. e. 
the entire liquid suddenly becomes blue, of this solution will contain 0,006 grm. of 
From the amount of bichromate of potassium arsenious acid, and will corresponil to 0,007874 
consumed reckon the quantity of tin in the grm, of antimonious acid. Dissolve about 1.1 
solution. In order to do this correctly several grm. of iron wire in 2 c, c, of dilute sulphuric 
themists have attempted to determine once for acid, prepared by mixing 1 volume of concen- 
all how much bichromate of potMsiuin is tratod aeid with 4 volumes of water, and dilute 
noeddl to oxidize 100 parts of pure tin dis- tlie solution to the volume of a litre. ^ To 
solved in chlorhydric acid. Penny and Streng, establish the relation between the bichromate 
for wcaniple, found that 83.2 pts. of tlie bithro- solution and the iron solution pour 10 c, c. of 
mate were needed. The reason of the need of the bichromate solution into a beaker from a 
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burette, aild 5 c. c. of chlorliydric acid, and for 24 hours, at a temperature of 20° to 22°. 
TjO v. p. of water, and pour in the iron solution By the aition of the fuming a^jid the indigo- 
rapiiily from a burette, until tlie liquid is tine is dissolved, while the foreign matters are 
green. Continue to add the iron solution by carbonized or destroyed. Dilute the sulphurie 
portions, of I e. c. each, and test the liqaid sohition with water, filter and bring the filtrate 
aftar each such addition, by touching a drop to the volume of 1 litre. Measure out 100 c.c. 
of it to a drop of a tolerably dilute, freshly, of the solution into a porcelain dish by meani 
prepared polntion of ferric^anide of potajssiiiin of a pipette, boil it gentlyi add 10 o. c. of 
upon a white porcelain plate, until a distinct chlorhydric acid, and pour the Btandavd solu- 
blue reaction of the ferrous salt is obtained, tiou of bichromate into the boiling! liquid from 
Then add 0.5 c. c. of the soluEion of bichro^ a burette, nntil (he instant when the greenish 
Riate, and afterwards the iron solution, two tintof the luioid disappears, and is rcfilaced 
drops at a time, tjll the blue reaction, with the by a j'ellowish oran};e. A little practice ie 
ftrricf anide, just occurs. Bead off both the necessary in order that' the 'completion of the 
liurcttes and calculate how, rtiueh of bichro- reaction maj' be hit with certainty. — The 
mate aolution corresponds to 10 c. c. of the result of the first trial should be regarded as a 
iron aolulion. Since the iron solution cannot mere approximation, and should always be 
be kept for any length of time without oiidiz- controlled by s second experimei t pon n 
ing, this experiment must be repeated before other 100 c.c. of the solution. Then I 
each new series of analyses^ ^ To dbterm- of tenths of b. c. of the bichromate olut on 
ine the relation- between th6 bichromate so- consumed gives the percentile of nd otne 
lutio'n ' and the Solution' of arsenious a<;id, in the sample. The amount of b Iron ate 
transfer 10 c. c, of the latter to a beaker, add required to ilecolorize a given we gl t of i u e 
20 c. c. of chlorhydric acid of 1.11 sp. gr., and indigotine, taken in the form of sulpl n 1 ^ot o 
from 80 to 100 c. c. of water, and pour in tho acid, has been found in practice to agrt^e ex- 
solution of bichromate from a burette till the aotly with the quantity required by theory to 
yellow color of the liquid shows that tlie bi- change the indigotine to isatine, or rather to 
chromate is present m excess. Then wait a sulphisatic acid. As long as there is any in- 
iew miriUt»s and pour in from the other bu- digotine present to bi: oxidized, the bicliromate 
rctte tha irpn solution to slight excess, as acts upon it alone. 3 molecules, or 393 parts 
above, then agsua 0.6 c. c. of liie bichromate, of indigotine require 1 molecule, or 297.2 parts 
and finally the iron solution, two drops at a of the bichromate. In other words, 100 parts 
time, until the blue reaction with the ferricy- of indigotine require 75.6 parts of the bichro- 
anide appears. Deduct from the total amount mate. In case the indigo contained any ferric 
of bichromate solution employed, Uie quantity oxide, this would be reduced in the process of 
which corresponds to the iron used, and pro- solution, and the 'ferrous salt formed would 
cced to calculate how much antimonlous acid consume an equivalent quantity of the bichro- 
corresponds to 100 c. c. of the chromate solu- mate. Such mdigo should he leached with 
tibn, that is to say, bom much SbjOj will be dilute boiling chlorhydric acid to remove tJie 
. converted into SbgOj by this quantity of the iron before it is subjected to analysis. The 
"je further u ' ' -■ ■ - ■ ■ !.>......... ■...,- _ 



bichromate. See further under Antimoniotis ' same treatment is advisable in case the indigo 

Acid. The water used to dilute the solution contains much carbonate of calcium. (Penny's 

,'of arsouious acid, above, must be measured, process, as used by Ernest Schlumbewer, and 

since the action of bichromate of potassium reported by Schutzenbcrgt^r in his Malieres 

upon arscnious and antimonious acids is nor- Colorante», 1867, 2. 560). The process is ap- 

. nittl only when the liquid contains at least one- plicablo fijr the valuation of other coloring 

sixth of^ its volume of chlorhydric acid of 1.12 matters besides indigo. 

sp. «r. (Kessler). Fresenius {Zeit&ch. amdyt. Principle II. Power of precipitating lead 

CAem., 1869, 8, pp. 154, 155, 1591 found the from its solntions. See Chromate of Lead, 

process to yield excellent results when applied For use as a reagent, bichromate of potas- 

to the estimation of exceedingly small quanti- siuni may often be found pure in commerce, 

ties of antimony. The commercial salt, however, is liable to be 

T. Reihioiion of the bichromale hy organic contaminated with sulphate of potassium. To 

Ciiloring Matters. As applied to the valuation free it from this impurity dissolve some of tha 

of indigo the process is as follows; — Prepare salt incompletely in warm water, and let it 

a standard solution of bichromate of potas- crystallize. Bepeat this process of crystalliza- 

sium containing 7.66 grms. to the litre. 1 c.c. tion until sulphuric acid can no longer be de- 

of this sol t' rr pt ds to O.Ol grra. of tected in the product. In order to test for 

pure in ! ti t 10 c. c. of a solution sulphuric acid, reduce some of the bichromate 

which c tai Is of indigotine to the by boiling it with pure, strong, chlorhydric 

litre. R I to nn powder a quantity of acid under a hood, dilute the product with 

tlie In d t b t d dryit at 100°, weigh water, add a drop of chloride of^ barium, and 

out prec ly I m d mix it in a capsule let tho mixture stand for some time. The bi- 

with 12 ft J, t! I )h uric acid. Cover chromate must be perfectly free from sulphur, 

the dish w th a gl platt and leave it at rest in case it is to be used for estimating sulphur 
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in organic compounds, and it ehoiild be as 
pure as possible when used for making stand- 
ard solutions. But in cssu it is to serve for 
estimating L-arbon or a carbon compound by 
heating it with the substance and lulpburic 
atid, no speiiial degree of purity is necessary. 

Chromate of Silver. 

Principle. Deep red color and insolubility 

Application. Use as an indication In the 
volumetric estimation of chlorinu, silver and 

Method. See i:ai!oride of Silver and Chro- 
mate of Lead. When a solution of nitrate of 
silver is ad<led to a solution of neutral chro- 
mate of potaMium chromate of silver is imiue- 
diatuly preuipitated as a bright, blood-red 
powder, but sparinfjly soluble in water. Ac- 
cording to Wohr {TUrirmethode, 1856, 3. 26), 
1 part of it dissolves in 6700 parts of water at 
17.5°, and in 3700 parts of boiling mater. Its 
color is so deep that it can bo readily seen, 
even when largely diluted by a white pi'ecipi- 
tate or a yellow liquid. It is immediately de- 
composed by soluble metallic chlorides, with 
formation of insoluble chloride of silver and 
a soluble chromate of the metal. It is decom- 
posed also by solutions of the alkaline carbon- 
ates, and is readily soluble in free acids. 

When used as an indicator in the volumet- 
ric process of estimating phosphoric acid by 
Chromate of Lead some annojauce is occa- 
sioned by the easy decomposition of the chi-o- 
mat« of silver by tlie acid in tbe liquid. As 
the volume of the liquid increases, moreover, 
tlie indications of the chromate of silver be- 
come less sharp. It may be said, in short, 
that silver as an indicator of chromic acid is 
very delicate in neutral solutions, cannot be 
used at all with the mineral acids, and is so 
much the less dehcate in presence of acedc 
acid in pro^vtion as there is more of the acid 
in the solution. Acetic acid does not prevent 
the fbrmatjon of the red color completely, aa 
the smallest quantity of nitric acid would, but 
it delays ifi appearance remai'kabiy. It 
should he used, therefore, only in'the smallest 
possible quantity<and the-volume of the liquid 
shonldbe kept as small as may be" practicable. 

To test Ihe limit of action of the indicator 
single drops of a one-tenth normal solution of 
bichromate of potassium were added to SO e. 
c. of water, and after each such addition a hf>- 
tle of the water was touched to a drop of ni- 
trate of silver upon a white plate. The first 
and second drops gave no reaction, but the 
third gave a visible red color. A small quan- 
tity ot acetic acid being then added to the 
water, its power of reacting with nitrate of 
silver disappeared, and was not rccovei'cd en- 
til 0.4 c. c. of tbe solution of bichrouiati; had 
been added. Even then a littie acetate of so- 
dium had to be added to the water, for in its 
absence tlie bichromate in reacting upon the 
nitrate of silver set Ji-ee enough nitric acid to 



hinder for a iong time the separation of chro- 
mate ot Eilrer. With the avutate of sudinnt 
a reaction was obtained after the third drop of 
bichromate, but in its abscoee there was no 
until the lifth drop. As a rule, in es- 
phosphoric acid, when the liquids are 
not too strongly acid a correction of 0.4 v. e. 
may be applied to compensate for this solubil- 
ity of the indicator (Molir, Zeil»ch. aualyf. 
Cheiiu, 18G3, 2. 254). 



Applwatle'iili , Separation of chromic acid 
from Ba, Sr, Ca, %, Zn, Mn, Co, Ni, Fc. 

Method. Weigh out some of the chroiiiato 
to he analyzed, mix it in a platinum crucible' 
with four parts of carbonate of sodium and 
ftase the mixture thoroughly. Treat the fuEed 
mass with hot water, and filter tbe solution in 
order to separate the inioluble carbonates or 
oxidesirom the soluble chromate of sodium. In 
ease manganese be preseut the fusion must bo 
made in a bulb tube, in a stl^am of eai'honie' 
acid. Since the insoluble carbonates or ox' 
ides thus obtained are iiable to be contami-- 
nated with alkali they cannot be weighed di' 
rectly. — Instead of fusing, with carbonate 
of sodium rione a mixture <u' that substance^ 
and carbonate of potassium may he uscd^ 
The mixture has the merit of melting at ft 
comparatively low temperature. The Chro- 
mates of Barium, Calcium and Strontium may 
be more readily and completely decomposed 
bv boiling with an excess of a solution of an 
alkaline carbonate than by the method of fus- 
ion just described (H. Rose, Joum. prokt, 
CItem., 66. 166, and Handbuch 6" Aufl., 2. 
384). 

For the various methods of converting ox- 
ide of chromium into chromate of sodium see 
sesquiOxide of Chromium, action of oxidizing 
agents upon. 

Chromate of Strontium. „ ,. 

Principle. Deconipositiun ot by alkalinB 

carbonates. 
Applivatiafu Separation of chromic acid 

from strontium. 
Method. See Chromate of Barium and 

Chromate of Sodium. A single boiling with a 

solution of carbonate of sodium is siiflicient to 

decompose chromate of strontium completely 

(H. Kose). 

Chromium is determined either as ses- 
quiUxide or as a Chromate of Barium^ 
Lead or Mei-cury, orindirecti^ by the reduc- 
tion of Chromic Acid. It is noteworthy 
that although chromium caunot be precipi- 
tated by itself as a basic acetate, some of it 
will go down with iron and aluminum when 
these metals are thus precipitated (Gibba, 
American Jown. Set., 1865. 89. 61). 

CinchonaBark. [Compare Quinine 
and Cinchonin]. 
Principle. Insolubility of the cinclions. al- 
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lyO CINCHONA BAKK. 

kdoids in nc|imous alkaline solutionw, as well dnwn tlie alkaloidt^ while it holds in solution 

as their solubility in acids and in utber, cldo- the taunio acici, cinchonie red and other color- 

roforin and alcohol. ina matters, and ihe resin with wldcb tbe acid 

J, ,, , solution of the alkaloid* was eontaminaled. 

■™^'*""''' To purify tlm pi-ei'ijiitate it inii.y bo treated 

Melhod of Rabourdin (A). A quantity of with a quantity of uhlorhydric atid insufficient 
the hark having been reduci-i to [wnder and to dissolve the whole of i^ and tbe solution 
sifted tliroQgh a fine hair sieve, fhe powder inixec) with ammonia, whei-eby tbe quinine is 
(40 [jrammes of the gjay bark or 20 ffi-ammes thrown down while and pure. Or the precip- 
of the yellow, Calisaya, bark) h packed in a iiate may be dissolved in a slight exeees of 
percolation cylinder and exhausted with water cblorhydric acid, tlie solution fdtured if need 
acidulated wi'h cldorhydric acid. To prepare be, and then treated with dilnto ammonia un- 
the acidulated water mix 20 gnus, of strong til a brown precipitate appears, and a colorless 
chlorhydrie acid with 1 kilog. of water. As liquor can be ohtmned by filtration. On add- 
soon as tbe percolate paj^ses off colorless and i^ig ammonia to this uolorlesn filtrate quinine h 
tasteless add to it 5 or 6 gi-ms. of caustic pot- precipitated together with slight traces ol' (Jn- 
ash ti^ther with 15 grms. of chloroform, chonine. This pi-ecipitate is washed, dried in 
Shake the injxture during several raxnutus and the n ' 
then let it stand. In flie course h<lf 
hour a dense whitish deposit co is a 11 
chlorofi)rm charged witli tbe cine 1 
loids will separate from the water. Th 
is then decanted, and the ehlorofom n C 
washed repeatedly with wafer bv dec Z < 
Sometimes the separalion of ihe rni V 
from the water is instantaneous and p te I 

80 that the red transparent liquid ft 11 <nd ffi po e, 

above the chloroform may beind al dsfimlib! 

poured off. Tte washed chloroforl so n b hi I 

of the alkaloids is transferred to po h Eh 

capsule, and evaporated to dryn p n o? re a re irge p p f 

water bath. In the case of red bark C kal Is d h p r< 

bark the residue, consisting of alk Am ho 

eonditionof tolerablepurity, is simp w d k h di h hy acid < 

But for Ihe pale or cinehonine baik h to d t 

ce^B must be carried further. ^ Tl p d V "h otesa w e 

due left on evaporating the chlorofo Ii dbe mnat t' 

cinchonie red as well as cinehonine. To le 
move this impurity treat the residue with According tt 

water acidulated with chlorhydrie acid, which amount of alkaloids is obtained when the soiu- 

will dissolve the whole of the alkaloids anil a IJon is concentrated to a small bulk betbre tliu 

portion of tbe cinchonie red. Filter the liquid pitcipitation, and finally treated with a lai"!;" 

and add to it, drop by drop, with constant stir- excess of ammonia. Iso absolutely colorlcts 

ring, anunoiua water diluted with 16 or 20 aolutioiis can be obtained by the method of 

parts of water, as long as the cinchonie red partial precipitation with ammonia, even 

continues to be piiscipitated in reddish brown wbm so much ammonia is used that a part of 

flakes, and until white curdled flakes of cin- (lie iilkfdiiids i» pi-eci|iitated together with tLe 

chonine, not removed by agitation, begin to coloring matters; at tlie beat the solntion will 

appear. In this way the cinchonie rod is first still bu of a light yellow color. It is none the 

precipitated before any of the alkaloid goes less true, however, that a considerable quan- 

down. Filter, wash the precipitate with a tity of coloring nicttcr free from alkaloids can 

small quantity of water an(l precipitate the al- be tliiis thniwn down by ammonia before the 

kaloids in the filtrate by adding an excess of alkaloids themselves are precipitated. This 

anunonia. The ])rucipitate is collected upon method of fractional precipitation is on the 

a filter, washed, dried and weighed (Rabouimn, whole to be preferred to the other prccess of 

{I. S. D'tspenS; 1867, p. 295, note; Handle., 1. purification fay partial solution. It is to be 

470). observed that the cinchona alkaloids arc less 

2. Mmhoii of Sahowdvt (B). Esba,flst40 soluble in strong than in dilute ammonia wa- 

grms. of gray bark or 10 grms. of red or Cab fair. .«- The alkaloids finally obtained al- 

isaya bark, at the ordinary teniperature, with ways contain traces of alkaUne earths and of 

water acidnlnted with 8 or 4 per cent of coloring inatterti They should be dried over 

chlorhydrie acid, until the fihrate tastes only sulphuric acid before weigliing, since the air- 

sligbtly bitter. Add to tlie acid liquor a qusin- dried alkaloids alwaj-s retain considerable and 

tity of soda lye. collect the precipitate and varying quantities of water. The statei.icnt 

waali it with a little water. The soda throws of Kabourdin that an assay of cinchona can 
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be fimalied iii an hour is eironeous More tion of boilins the bark with limn ami alcohol 
than an hour is ri'tjuired fur tho process of be several times repeated, so that the final 
percolation alone and the proct'«H js mtom rssiduc shall retain otdv an inBignificant quan- 
plote even then a.s has been alreaily stated A tit) of the alkaloids Moreover, after the 
much lar^ei qtiantitj of the acidulated w.)ter evapoiation of the alcoholic solulion acidu- 
shoiild he used than ig directed by H. More lateil with acetic acid, and the subsequent 
than tivice as much as would appear from his treatment with water and filtration, be prefers 
statement that from 100 to 120 gnns.of filtrate lo precipitate the alkaloids with vausticsoda, 
are obtained from 10 grms. of bark. Not only and to separate the coloi'ing natter by redis- 
qainine but all the other cinchona ba^es are solving uie precipitate in dilute eblorhydiic 
pi'ecipitated, so that the method gives only the acid and partial precipitation with ammonia, 
total amount of alkaloids. as directed above, in the second description of 
3. Method of de VriJ. Mix a weighed Eabourdin's process. The purified alkaloids are 
quantity of the powdered bark, dried at 100° finally to be dissolved in alcohol, evaporated 
with 0.2s of its weight of hydrate of calcium, in a tared platinum ditih, di'ted and weighed. 
anil boil the mixture for 6 minates witb ten Since qmnidin is somewhat soluble in pure 
times its weight of alcohol of 0,862 sp. gr. water, and quinine still more so, it is w^ to 
Throw the mixture upon a warm filter and collect by themselves the washings of the soda 
wash with small portions of boiling alcohol, precipitate, as soon as they cease to exhibit a 
until the filtrate is' equal to 20 times' tlie weight strong alkaline reaction, and begin to taste 
of the bark taken. Add dilute acetic acid to shghtly bitter; to shake tlie liquor with ether, 
the alcoholic filtrate until a slight acid reac- to collect and evaporate the ethereal solution, 
tion persists, then evaporate tholiquid to dry- and add the residue to the precipitate, before 
ness upon a water bath, treat the residue with proceeding to treat the latter with alcohol, 
water, throw the aqueons mixture upon a filter 4. Procem of WirnMer. Digrat 1000 grains 
and wash with water, until a poi-tion of the of the finely powdered bark with 6 ounces of 
clear filtrate ceases to become cloudy on the alcohol of 80 per cent upon a water bath, until 
addition of an alkali. The aqueous solution it is completely exhausted. When cold, strain 
thus obtained contains all the alkaloids of the the tincture through thin, close linen. Digest 
bark, while the Kinic Acid and fatty and the residue anew with 3 ounces of alcohol, and 
resinous matters remain upon the filter. Str^n the mixture as before. Yet agmn treat 
Evaporate the aqueous solution of the alka- the residue in like manner with alcohol. Unite 
loids to a smalt bulk upon a water bath, and tbe several alcoholic solutions, filter and treat 
mix the concentrated liquor with a slight ex- the filtrate at the ordinary temperature with a 
cess of strong milk of lime to precipitate the mixture of equal parts m iresnly slaked lime 
alkaloids, llirow the precipitate upon a small and crude well burnt animal charcoal, of whicb 
filter, and wash it with the smallest possible about 500 grains will be required. Shake the 
quantity of cold water. If the operation be mixture frequently, and let it macerate until 
properly conducted, the quantity of water the supernatant hquid is observed to be color- 
necessary to remove t^e coloring matter wilt less. Inmostofthe^iiuine barks the liquid is 
beso small that the trace of alkaloids dissolved soondecolorized,butin those containing kinonie- 
by it may be safely n^leeted. ^ After acid the process is imperfect. Decant and fil- 
washing with water, dry the filter with its ter the decolorized liquid; shake the residue 
contents, and boil the whole repeatedly with repeatedly with small quantities of alcohol, and 
alcuholofO.813Bp.gr. to dissolve tlie alkaloids, afterwards throw it upon it filter and wash it 
l-'ilter the alcoholic solution, collect the filtrate with alcohol. By distilling olf the alcohol 
in a weighed platinum capsule, dry upon a from the filtrate there is obtwaed a mixture of 
water bath and weigh. The total amount of alkaloids, fatty matter, cinehonie red, and any 
alkaloids is thus obtained ; for the methods of kinonie acid which may have existed in the 
separating thein ; See Quinine; lodhvdrate of bark. ^ To remove the impurities transfer 
Quinidin; Cinchonin. (Ue Vrij, Zeitsch. an- the matter to a small evaporating dish, and 
alyl, Chem., 18G5, 4. pp. 202, 274.) wash out the distilling vessel with water acid- 
According to Van der Burg (Zeilsck. anaiyt. ulated with sulphtiric acid. Add some more 
Chem., ISea, 4. pp. 287, 292) the method of sulphuric acid to the dish, until it is in slight 
de Vrij is faulty, inasmuch as it is very diffl- excess, beat the mixture, then allow it to cool, 
cult to extract the whole of tlie alkaloids from and filter off the kinonie acid and other im- 
cinchoiia bark by means of lime and alcohol, purities which tiave been precipitated. Add a 
and that a certain quantity of the time goes slight excess of ammonia to the filti-ate, and 
into solution to be afterwards reckoned as cin- evaporate to dryness at a gentle heat the mix- 
chonin. But the lime an<l alcohol are never- ture of precipitate and liquid. Beroove the 
theless' more efiicient agents than dilute sulphat'- jf annnonium frum the residue by 
cMorhydric acid (see Babourdm's method, mean jf a small quanidty of very cold water, 
above) for extracting the alkaloids. Van der and dry and wei^h the residual alkaloids. 
Burg consequently recommends da Vrij's Though ihealkaloiusthus obtained are not ab- 
method with this modification, that the opera- solutely pure, their amount affords a tolerably 
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ly-i riNCHOKIN. 

eood indication of the value of a bark. Method. Evaporat* the solution upon a 

Winckler status tliat thebarlie yield to tlie water bath to expel aitoliol, if any be present, 

manufacturer quite as much as is obtained ih dissolve tlie residue in water aeidulateJ wiili 

this way, and generally from 0.12 to 0.25 per aeetio acid and add soda lye to the solution. 

cent more, in consequence of the loss in work- Collect the pretipitste upon a filter^ wash it 

ing being less on tlie lai'ge scale (Winckler, with water and dry and wejfrh it. The pre- 

American Journ. Phoi-m., 26. 848, through cipitate consistp, according to ciitunistantes, of 

U: S. Dispens., 18S7, p. 2B5). — The best ciuehonin or of a mixture of cinuhouinand 

yellow C^isaya hark, tJie finest red bark, and elnchonidin. In case Gncliona Bark is cx- 

the finest fibrous Carthagena hark (sotl Kt- tracted with lime and alcohol the cinchonin 

aya), each ^ield about 3 or 4 per cent of al- precipitated as above is apt to be contaminated 

kaloids; whde between these and the barks of with liine (van der Bui-g). It may eoiise- 

lowest value there is every grade of product- tiuently be well to treat the dry precipitate 

iveness, down to a mere trace of alkaloid witli alcohol, to collect the alcoholic filtrate in 

matter ((7. S. D!x;)ens.). a tared platinum dish, and evaporate it to 

6. Process of Hager. See Picrate of Cin- dryness tor a second weigliing (De Vrij, 

chonin, ete. Zeitsch.analyl. Chem., 1865,4. 203; vaJi der 

6. ITie British Pharmacopeia ^ives the fol- Bui^, ibid, pp. 275, 287). According to De 

lowing methods of testing the various colored Vrij, small quantities of cinchonin can only 

barks. - be determined with certainty by uieans of a 

A. Tesl of YcUow Cinchona. Boil 110 polarization apparatus, 
grains of the bark reduced to verj' fine pow- Cltfic Acld. 

der, tor quarter of an hour, in a fluid ounce of Principle I. Power of neutralizing alka- 

dlstdlled water aoidulated with tep minims of lies. 

chlorhydric acid, aiid allow it to macerate for Ap^licaHont Valuation of solutions of tlie 

S4 hours. Transfer the whole to a small dis- acid. 

placement tube, and after the fluid has ceased Method. Color the solution with solution of 

to percolate add at intervals about an ounce logwoo'l nnd titrate with standard caustic soda 

and a half of similarly acidulated water, or (see Acidiuietry) (Mobr). 

add until the fluid which passes through is free l''oi' eBtiniatlng the value of lemon juice the 

from color. Add to the percolated fluid a so- English practice is to neutralize a measured 

lution of subaeetate of lead, until the whole sample of the juice either with chalk or with a 

of the coloring matter has been removed, tak- standard solution of carbonate of sodium, and 

ing dare tJiat the fluid remains acid in reac- to calculate trom the amount ol' alkali ex- 

tion. Filter and wash with a little distilled pended an equi-valent quantity of eitiic acid. 

water. To the filtrate add about 35 grains of According to Ogaton, these methods invaria- 

caustic potash, or ao much as wii! cause the biy give too high an estimate of the value of 

precipitatd which is at first formed to be nearly the juice. Any foreign acids which may be 

redisBolved, and afterwards 6 fluid drachms of present, as well as any aluminum salt wiiich 

pure ether. Then sJiake briskly, and having may be precipitated, go to inci-ease the amount 

removed the ether repeat the process twice of alkali used and the weight of cicrio acid 

with three fluid drachras of ether, or until a calculated. 

drop of the ether employed leaves on evapora- Principle II, Inability of the acid to iiiflu- 

tjon scarcely any perceptible residue. Lastlyj ence tlie plane of vibration of a ray of po- 

evaporate the mixed iethereal solution in a larized light. 

capsiiie. The residue, which consists of nearly ' Applivaticn. According to Buignet, it is 

pure quinine, When dry, should weigh not less easy to detect on this priueipie any adultera- 

than 2 grains, and should be readily soluble in tion of tlie add with Tai-tariu Acid, by means 

dilute Buiph'iric acid. of a polarization apparatus (Journ. Phunn. el 

B. Test for Pale Cinchona. 200 grains of Chhii.,^0. 2i-2, s.iiil Zeitsch. anali/t. Vhem., 
the bark, treated in the manner directed in 18fi2, L 234). 

the test for yellow 'cine bona, with the substi- Cobalt is usually weiglied as metajlie Co- 

tution of chloroform for etiier, should yield bait, protosesquiOxide of Cobalt, Sulphate of 

not less than two grains of alkaloids. Cobalt, or JSitrito of Cobalt aiid Potassium. 

C. Tesl fi.r Red Cinchona. 100 grains of It is (rften thrown down as Sulphide and 
the bark, treated in the manner directed in aometimea as Hj-drate of Cobalt. 

tlie test for yellow cinchona, with the substitu- Principle. Fixity when heated, 

tion of chloroform tor etlier, should yield not Amplications. EstJmation of cobalt in the 

less than 2 grains of alkaloids, (itiotn the precipitated oxide and in the chloride, niti'atu. 

Dispensatory of the U. S., 1867, p. 253.) carbonate and other salts ol' cobalt, when tbey 

CinchOniOi contain no fixed impuritieB (Method A). 

PHnciple. Insolubility in aqueous alk 1' e Separat'on of Co tjom Ba S Ca and Mn 

solutions. (M hod B) 

Application. Estimation of ciuchon M oi A PI e he 1 y s bstance in n 

extractsjof cinchona bark tl"om which qu n ne we „he po In uc b e p o ided with a 

aaA quinidin have been separated. p rtorated platinum co " ■ 
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substance to be analyzeil is a liquid, evaporate form of chlorides it ia well to precipitate the 
it to dryness in tlie ciiicible. By means of a whole as Hydrates, b^ means of so I I o to 
bent tube fitted to the holi; in tlm covur pass a place the dried precipitate o a po t o of it 
stream of hydrogen giis into the crucible, in a bulb tube; to Iieat tie b lb to xl rate 
The crucible mast be heated strongly, since redness and to pats in a ur ent of d j hlor 
metallic cobalt obtained by reducinji the oxide hydnc ai'id gas until the et<t ae vl oily 
with hydrogen at a low heat is so finely dirided converted to chlorides, an 1 no uo e w,< er is 
that it takes fire on coniiu"' in contact witli the given off. A long time is rei^uirc 1 to o [ lete 
air. This tendency tu take fire is specially tjiis upijration. As soon as t is fi 1 1 heat 
marked in cases where the oicidu of cobrdt be- the bulb strongly and pass dry b d o^a 
ing impure the reduced metal ia mixed with gas until only a slight cloud ot hlondo t am 
infusible substances. — AfW the crucible monium is formed, when a glass -od n o st ned 
has been allowed to cool in the atmosphere of with auiiuonia water is lield at the e 1 of the 
hydrc^n, and has been weighed, it is well to tuba. The chlorides of cobalt and ,of nickel 
ignite it again in the same way, or again and are reduced to the metallic state, while the 
Bgain, untu the weight becomes constant. Fi- chloride of mangamese i-emains unaltered, 
nally, in case it ii< the precipitated uxide which Aflcr the bulb tube has been allowed to 
is under examination, a quantity of water should cool in the current of hydrogen, it ia placed in 
be poured into the crucible to dissoh e any ai- a cylinder with cold water — which has been' 
kali wliich may liave been retained by the boiled to expel nu' — so that the undecomposed 
precipitate. Decnnt thU water after a while, chloflde may dissolve and leave the Cobalt 
and treat the metallic cobalt with tresh doses (and Nickel) free, A portion of the chloride 
of water as long as the liquid continues to if manganese nsaaHy refiiees to disKoive, and 
turn red litmus p:iper blue and to leave a res- remains suspended in the liquor in the form of 
idue on evaporatiua. After the washing has brown flakes; it may, however, be readily sep- 
been completed drv the metal and agmii ignite arated by decantation from the far heavier 
it in a sti-eam of hydi-ogen. The amount of metallic cobalt. The latter must finallv be 
matter dissolved out by the water is usually dried, again ignited in an atmosphere of hy- 
less than 0.2 pur cent of the weight of the drogen and weighed. Care must be taken not 
impure cobalt (H. Rose). — Unless tlie ox- to &at strongly enough to volatilize chloride 
ids of cobalt has been precipitated in plati- of manganese. The process yields £ " ' 
num vessels by meivns of alkali absolutt'ly free results (H. Bose). 
from silica, the metallic cobalt »huuld be dis- Properties, As obtained by rctlucing the 
solved in aeid ailer it has been weighed and chloride or nitrate in a stream of hydi-ogen, 
the solution evaporated to dryness on a water metallic cobalt is a grayish black powder, 
bath, in order tiiat the silica which contami- which is attracted by the magnet and is more 
nates it may be separated (Johnson). Au- difBcultIv fusible than gold. In case the re- 
cording to Fresenius, the process yields strictly diictton IS made at a low heat the finely di- 
accurate results only when the compound to be vided metal will take, fire in the air and bum 
analyzed is free from Bulplmric acid and al- to protmesquiojiide, but nothing of the kind 
kali. He finds it impracticable to obtain an occurs when the reduction is effected at an in- 
absolutely pure product by boiling the impure tense red heat. The powder does not ilecom- 
uietidlic residue with walt-j. The impure me- pose water, even at tlie temperature of 
tallic powder, alter kiviiig been repeatedly boiling, unless an acid be prettent. it dis- 
boiled with mater, still continues to give an al- solves readily in niti'ic acid and in hot coacen- 
kaliue reactiun with turmeric paper when the trated sulphuric acid. When obtJiined by 
latttir is \aft in contact with it lor Eunie time. I'educing oxide of cobalt which has been 

MelhodB. ' ' '- ' '- ' - '■ " " " ' ' ' 

ated from am 

essentially tlie same as in A, only that the the os^ide. The amount of tliis impurity is 

mised clilorides of cobalt and the other metal rarely more tlian 0.2 or 0.3 per cent, and it 

are operated upon, and that a chloride of the may be removed, by means of hot water, 

other metal is left in tiic crucible, and mnst be Colj^alticyalllde Of Coppor. 
dissolved out with watt.T belore the metalli<! Praicipie_. liisolubility in waiei'. 
cobalt can be weighed. If' the metal to be Application. Estimation of Co in a solution 

seiiarated he an fllkali metal, care must be of cobalticj'anide of potassium. Separation of 

taKcn not to heat the crucible above low red- Co fi-om Si, 

iiess, BO as to avoid volati lining any of the al- Method. Supersaturate the solution of co- 
k aline cliloride. It is perlKips best in this case baltieyanide of potiissium with acetic acid, 
to eliect the reduction in a Dulb tulie instead boil the acid liquor and pour into it a solution 
of a crucible. — In the ease of maugaucse of sulphate of copper as long as any precipi- 
the reduetionmay be effectedin a crucibTepro- tate falls. Boil the mixture for sometime , 
Tided the substance to be analyzed is a cblo- longer, then collect the precipitate of cobalti- 
ride. But in caie the mixture of cobalt (or of cyanide of copper upon a filter. Finally de- 
cobalt and nickel) and manganese is not in tlie compose the pi-ecipitate by boiling it with a 



yGoogle 



la* rOBAI.TICYANIDE OF Pi)TASSIUM. 

eolation of caustic potasli and we^h the OxHe jwrOxidc of Sickel, Neither tlie chlorine nor 
of Cc^per ohtaided. Calculate the amount of i.hu iiiBi-curic oxidM has any action upon tlie co- 
cobalt frcmi tliat of the oxide of copper found. baltiitj-EUiide of potassium. The cobalt may 
(Liehag, AnnaUn Cheat, uml Fharm., 66. then be precipitated from the filtrate as Co- 
244.) Hie process is iess ample and conven- balticyanide of Merciiry (IJebig, Annalen 
ient than that which depends npoii the insolu- C/iem. unil Mann., 68. 344; 87. 128). See 
Ulity of cobalticyanide of iJoeii.'nry. Cyanide of Manganese, for the separation of 
COl>altl<qranlde of Mercury. maii^aiieee iron cobalt. 

Principle. Iiitiulubility in water. Tliia j)roee»i has been eolgectiHl to a critical 

ApplKatioii. Estimation of Co in a solution exaininatiiin by Gaiiho (Zeilxch. amalyt. Cli&a., 

rf oobalticyanide of potMaium. Separfttfonof ISliS, B. pp. '75-83), who finds tliat though 

Co from Ni. cobalt may tie well nigh completely separated 

Melkc^L Neutralize the solution of cobalti- froni iiii^kei by means of oxide of mercury in 
cyanide r>S ^tassiucn almost, but not quite, a mixture i>f the doaMe eyanide of nickel and 
completely with nitric acid. There is no narm potassium and cobalticyanldu of potassium, the 
in leaving the liquid sightly alkaline. Add a j)roti!SS is nevertheless ill suited lor the analy- 
mtu^on of men^LUTHE nitrate, made as nearly tns <rf' mixtures which contain cobalt in any 
neutral as posril:^, as lor^ as any precipitate other form. But since the convei'sion of the 
laJls. C()lliiCt tiie preci[Mtate npon a filter, double i-yaiiideof eobaltand potassiuininto co- 
wash it with water, ^nite it intensely in the baltJcyanide of potassinm can never be made 
air, then redoee it to metallic Cobalt in a absolutely complete, even by long continued 
stream of hydi'ogon and we^h. . Ol", lees ac- boiling- with an excess of cyanide of polas- 
curately, instead of reducing the precipitate, siuio, there will occur only comparatively few 
ignite it in a cruciblu in free air and weigh as cases in which the use of oside of mercnry as 
protosBjiquiOxide <rf' Cobalt. The precipitated abose will be found advantageous. ^ Birt 
cobalt icy a nide is while, or grav Irom admix- on the other hand it is easy lo convert the 
ture of niercurous oxide, and heavy; it set* doable cyanide id' cobalt and potassium com- 
ties readily and Is easily washed. The pro- pletely into cobalti cj^anide of potassium by 
cews is prei'orablB to that which depends oit leading clJorine gas into the alkaline liquid, 
the insolul^lity of cobalticyanide m copper Hence that modification of Ijeb%'s method 
{Weebler, AniMien Clieia. unil Pharm., TO, in which chlorine it employed to precipitate 
256). According to Uaiihc (^Zeiisch. amdyl. the nickel ie to be recoiiimeiule<l. Excellent 
C/iein., 1886, 6. pp. 79. 83), this pi'ocess is ap- results were, in ffu:t, obtained by means of it. 
plicable only in the absence of chlorine com- It is to be observed, however, that the pcroa- 
ponnds. In case chloride* be present some ide of nickel thrown down by the chlorine 
dichloriderfiiMWCtiry will go down with the to- must not be ignited and weighed directly, 
balticyanide, and on igniting th« mixture some since it retains very persisteotly no inconsider- 
of the colwlt wiR ba lost ihroi^h volatilization able quantity of alkali. — Jt i» possible in- 
of chloride of cobalt. ' deed, as Gauhe shows, to chan^'c the double 
CObalticy&nfde pf Potassium. cyanide of ccriialtaud luckel into cobalticya' 

Priiieiple. Solubility hi water and puwcr of nide of potnesium by means of tlilorine alone, 

resisting decomposition. in the same way that fei-rocyanide of potassiui» 

AppEeadoii. IScparatiiHi of Co from Ni is changed to terricyanide by the use of chlo- 

and Mn. rinc, but it is nevertheless better in practice 

Meikixl. Add (ryanhydric acid to the mixed to change the larger part of the double cyai>- 
tolution of cobalt and nickel, which must be ide into cobalticyanide by boiling with cyanide 
free from other metals excepiiiig manganese, of potassium,, as IJebig lias diricted, nnd to el- 
then a solution of caustic potash and heat the foct tlie completion of the process by the chlo- 
misturu until every thin^ liad dissolved. Or, rine emjiloyed to precipitate the nickel, 
instead of cyanhydriu acid and potash, use a With rt^rd to the use of oxide of mercury as 
solution of cyaunle of potassium free from cy- a |jn!C)pitant of the nickd, G-auhe shows that 
anate. Heat the reddish yellow solution to tliough a satii^actory separation ol' cobalt trom 
boiling ill order to expel the free cyanhydric nickel can be thus made when the conditions 
acid. By this process the double cyanide of are favoraWe, a little cobalt does invariably go 
cobalt and potassium in the solution is changed down with the nickel. This source of eiror 
to cobalticyanide of potassium, mhile hydro- would be hiudly woi*th mentioning, however, 
gen is evolved. But the original double cya- if there were no other objection* to the process 
nide of nickel and potassiuinrem^ns mialtered. in which oxide of mercury is (ised. As Boae 
The solution of cobalticyanide of potassium is has previously remarked, the filtrate from the 
neither decomposed by chlorhydnc, sulphuric precipitate produced by oxide of mercury is 
nor nitric acids, nor by potash lye, either at apt to become turbid immediately aAcr it has 
tlie ordinary temperature or on boiling. From passed through the paper, and to deposit a 
the mixed solution the nickel may be precipi- yeliowieh white precipitate on cooling. This 
tated by means of oxide of mercury as sesqui- precipitate also contains a minute quantity of 
Oxide of Nickel, or by chlorine as bhick cobalt, whence it would appear as if the small 
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COCHINEAI.. lyS 

amount of cobalt whiuli goos doivn with the how much of a Bolution of bleachinjr powder 

nickel when oxiile of meit'iiry is used is in the was required to decolorize tlic decoction of a 

form of a difficultly soluble eompound of co- known weight of cochineal; the value of the 

bait and cyano^on, probably in part cobalticy- bleaching powilcr solution being def<;i-miinjd at 

anide of iiiereury, some of which remains the moment of use by testing it against a spe- 

dissolved at firs*, but afterwaivia separates in cial sample of cothlneaJ kept as a type or 

the filtrate and makes it turbid. The concep- standard. According to Schiitzunbei'gi-r (tic 

tion of H. Kose, who ajeribed the turbidity to cU, p. 369), the proceps was fiiulty, since the 

tlie presencu of a difiicultly soluble basic cyan- chlorine acted upon other oiwanic matters be- 

nide of mei-eui-y, is manitestiy Incorrect. sides the coloring Substance (caTminic ncid). 
Cobaiti cyanide of ZInO. " Principle II. Powsr of the coloring matter 

Principle. DccompOBabililj by acids, to forjn insoluble compounds with aluiiiinum 

Application. SeparatJmi of Co litiin Zn, and with lead. 

Methoil. icidulate the ■solution of the two Applications. Taluation of coejiineal, etc. 
metals with chlnrhydric acid, add as much of a Method A. Determine how many volumes 

BolntioDof good commercial cyanide_ of potas- of a standard solution of alum are required to 

sium as is reqiijred to completely i-edipsolve the precipitate completely the coloring matter in 

precipitate which forms at first, taking care to any ^ven sample of cochineal, and compare 

use a distinct usccBs of the cyanide. Boil the the reauit with that obt^ned by operating 

solution for some time with occasional addition upon a standard sample (Antlion). 
of a drop or two of chlorhydfic acid, bnt not MelhodB. Instead of alum, as in A, Bloch 

'"sufficient quantityto make the solution a<;id. employs a standard solution of neutral acetate 

Finally mix the solution with an excess of of lead, which pTecipitat«s eanuinic acid read- 

cblorbydi-ic acid, set the flask In an oblique ily. An objection to the process is found in 

position and boiluntil the eobalttcjanide of the fact that theleadsaltisliable to pi-ecipitate 

Kinc which is pret'it)itate<l at first bus all redis- other organic substances besides the coloring 

solved, and the whole of the cvanhydric acid matter. 

not combined with the cobaft is expelled. Pnnciple III. Solubility ii 

Add an excess of soda or potash Ive, and boi! ter. 

until the liquid is clear. ITie whole of the co- . Application. Assay of 

bait is nowin tieform of Cobalticyanideof Po- Method. Heat the lake with ,.„ 

taesium,, while the zinc is in the form of zin- ter until the coloring matter has dissolved, cel- 
este of sodium. Precipitate the zinc as sulphide, leet, wash and dry at 100° the insoluble 
and the cobalt- as Cobaltiey anide of Mercury, residue and weigh it. 
The separation of tlie two metiJs is said to be Principle IV.° Colorific power, 
complete, and the prociss simple. ApplicatioM. Valuation of cochineal, etc. 
Cobaltite of Cobalt. See protoses- (Methods A and B). Use as an "indicator" in 

quiOxide of Cobalt. processes of akalimetry (Method C). 
CObaltOUS QaltS. Method A. The method of tesdng cochi- 

Pniicipie. Oxidability of, with precipitation neal ordinarily employed in dye houses and 

of the ^sesquioxidu. ^ See sesquiOxide of Co- print works consists either in dyeing a definite 

bait. See also Chlorine. quantity of mordanteil cloth with 1 jiramme of 

Cochineal. cochineal, as in testing Miulder, or m printing 

Prmcpkl. Power of the coloring matter upon woollen a known weight of the cochineal, 

(carmintc acid) to reduce oxygen compounds. gr,)und and mixed as it would be for applica- 

ApidiccUions. Valuation of cocliineal and fmn in actual practice. In either case a simi- 

andagous aubatancta, such as lac-dye, kc-lake i^p sample of cloth is dyed or printed with an 

and kcrmes. eiiual weight of good cochineal kept as a 

Methods. standard sample, "nils method is simple 

. Oxiilailoniy Forict/anide of Polaxniuni in and easily executed, and is esteemed. It does 



alkaiiiie soiulion. Dissolve one grm. of the pow- not ^ve accurate results, however, i 
dered cochineal in SG grms. of a weak solution cochineal baa been mixed with the coloring 
potash, mix the solution with £4 gi-tns. matter of Brazil wood. To detect the pres~ 



of watei' and pour in a standard solution ot fer- once of the tatt«r pour some lime 

ricyaiiiileof potafsimn, drop by drop, from a bu- dilute decoction of the cocliini'al. If the coch- 

i-eitu until the i-eddisli purple color of the liquid iueal is pure the liquid will become com- 

liiis changed to brownish yellow. To prepare pletely colorless, but it will reiain a tolerably 

the stitndard solution dissolve 5 grms. of the fer- intense violet tint in case any brazilin is 

ricyanide in water, and dilute to the volume of present. (Persoz.) 

1 liti-e. The process has merit. (Penny, cited Method B. Weigh out 1 grm. of the coch- 

by Schiitaeuberger in bis Maiieres Coloranles, ineal to be testeil, and I grm. of a good 

lljt>7, 2. S5y). sample of cochineal kept as a standard, and 

B. Ozulatioii hy Chlorine (applied in the 'boil each sample by itself in a lili'ti of water 

form of bleaching powder). An old niethoil, during the same space of time. Filter into 

devised by Kobiquet, consisted in determining litre jars and dilute each filtrate to the loluino 
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of I litre; sfiafce the soliititms, ponr an e^ual of tie eolor permits tlio opernior to compare 

([tiantity of eath into the tnbes ot a Coloriiop- thn products of several titrations one with the 

ter, and deteniiiue how much water nuist be other. {Johnson, American Juwn. Sci., 1863, 

added to the deeper solution to hring it to the 36. 282.) Cochineal cannot be used in tho 

same hue aa the otter. presoiite, even of ininate qoaritities, of siUtB 

Method C. Tlie nse of cot-Mmml as an in- of iron, 

dieator has iilresdj- been soffitiently explained Colorlfnetry> 

under Alkalimetry, p. 1&. Besides tbe merit A terin applied to processes trf analysis, in 
of distinctness and extreme delicacy icliich which theamonntof stolored suhptflnceinaso- 
permits the use of mneh more dilnte solutions iation is ilulermined by observing the intenHity 
than can be emplovcd with litmos. the indif- ol the color. An instrmnent known as a Color- 
ferenee of eoi'lilncal to enrbonic acid is a great meter is employed for measuring the depth of 
advantage. Moreover the solntion, when pre- color, and the process consislB either in com- 
pared as described under Aikalimetry, may he parinj; the soiution to be tested with a stand- 
kept for any Jcnglh of time in closed vessels ard nduljon of tlie substAiiee, and diluting the 
without decoIorizatioB or alterathm. Accord- stronger colored liquid imtil the two solutions . 
ing to Luckow, uochineal is quite indifferent Are alike; or in comparing tlie solution to bo 
to earboniu or sulphydrie acids, since carminic tested witli a nuinlK^r of different standnrds 
acid is stronger than dtlier of them. This is nntil one is found with which it agrees ; or in 
practJeally true for solutions of considerable lai'ving the depth of the Bolntioa of the liq- 
stren^th. Hence a stawlard alkali for teclini- nid' to be tested untiliteshibitB the same in- 
eal analysis may be made by simply dissolving ieiisity of color as the normal liquid, and tben 
a known weiglit «f pure carbonate of sodium nieasuring the depth of tile sUratum; or in 
in a definiiB volume of water, and fiom the neutralizing the eolor of the solution to bis 
standard solntion thus obtwned a standard acid tested by means of a plate of glass or a slii-et 
may easily be prepanjd. — In etfeoting the of liquid of complementary colov. In this lasi 
neutralizMtioR it is not necessary- to expel car- ease the insti'uiiient employed is called a Com- 
bonic acid bv boiling, as it is when htmus is plenientary Colorimeter, and the depth of the 
used, ttiill tlie presence of earbonie aciil docs stratum of liquid needed to obliterate the corn- 
lend tet obscure the sharjincss of the final re- plementaiy color k lueasnred, is order to de- 
aetioH, and it is best to employ caustic alkali termine the amount of the substance sought 
fcr tlie standard liquor, as is e^ipJained under for. 

Alkalimetry, especially in nice mvestigations. Coloriiiietrie inetliods are employed for the 
The inttucnce of eai'bonic acid is seen at once valuation of coloriiic matters, such as Indigo 
when a cauatie bjmI carbonated alkali are oper- and Cochineal; ibr the estiKiatioB of Bromln© 
erated upon side by skle. With the caustic and Jodiue, colMit, nickel, chromium, iitu 
alkali the p<Mnt of iieiitralizatioB, or, Kilher of (see Acetate, Chloride and Sitrate of Iron), 
snpersaturatioB, is shown by a prompt and and the earbon in cact iron, and particularly 
deceive ebaupe from a tint in wlikli orange far the estimation of Copper. Since the de- 
predominates to one in which the orange d is- scriplions of the procoPBea have been made 
appears and violet is most marked. But in with reference to the estimation of copper or 
presence of carbonic aeki tlie change is some- some other spceid substaace, it will be best to 
what ^daal, ami though a red color is pro- state them here in the same naiiow sense, 
duced it is meililied by an orai^e tint even in The muthoiis evidently admit of application 
presence of a large excess of aikatiT so that in tlie analysfe of very many substances which 
there is s imethnes a disagreeable uncertainty form colored solutions. 

as to ilie point of neutralization. Wlie»caus- A. Jacquetaiii's c»pper test. To pi'epare 

tic alkali is used a tride less of it will be fonnd the standard solution of coppev dissolve 0.5 

needftil to ncotralke a given vdume of acid grm. of pure metallic copper in nitrie acid, 

than is required of a carbonated solution,, and sipersaturate the liquid with ammonia water 

no doubt will eust as to the point of saturation, and dihite to the volume of 1 litre. Measure 

— The indifference of cochineal to earbonic off 5 e. c. of the liquid into a ^lass tubcr and 

acid is a ^«t advantage in nice analyses, in seal (lie latter at tlio lamp. Dissolve in nitric 

that the time <:«HisuEaed for effecting neatrali- acid a quantity of the subst:ince to be an^ 

zation is without influence cm tlie resnlt. lyzed, supersaturate with ammonia aa before 

When litmus is used and the point of neutral- and dilnte with water in a graduated cylinder 

ization is reached, a short exposure to the air to the volume ei 20e c. c, or to 169, IM or 5Qi 

BuHices to redden tlie liquid again. If the e. c, if need be. Measure off 5 c. c. of tbe 

operator is obliged to proceed slowly, he will diluted liquid into a long tube, which has been 

require somewhat more alkali than when he graduated to tenths of cenluuettCB and which 

operates rapidly, for a portion of it is neutral- has the siime diameter as the tube thnt con- 

ized by carbonic aeid from the atmosphere, tains the standard sulHlbn. Set both the 

With cochineal the result is independent of tubes in front of a slie«t of white paper, and 

the small amount of carbonic acid that can dilute the contents of the graduated tube with 

come fromthe air. Moreover,the permanenee water until the same color is exhibited by the 
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liquids in both dw tuljea. ■— Since the It is not easy, for example, to arrive at a aat- 

([iianUty of topper, 0,0025 ffriii.. in tlie stand- isfactory result when liquids uontiuning 0.1 or 

ard solution is Isnown, and since the liquid "0.8 pii'ni- of copper are compared witli Jouique- 

imder examination has been diluted to a du- Inin's standard liquid, vliich contidns 0.5 grm. 

terminBcl volume, the amount of copper in tliu If quantities of 0.1, 0.2, 0,3, 0.4, O.fl, 0.6, 0.7, 

weighed saniph; caa rcailiiy be caltiulated from 0.8, 0.9 and I grm. of pure copper are dis- 

the amount of water uFcd in tlio process of di- served in nitiic acid, saperai^urated nith am- 

Inrion. If, for example, 50 c. c. of water had mnnia and diluted with distilled water to 200, 

to be added to the 5 c. o. of liquid in the 400,801}. 800, 1000, laoO, 1400, 1600,1800 

Eaduater) tube, every dec of the diliiMd and SOW c. c, it will be fouttd tliut 5 c. c. of 
[uid will contain 0.0025 grm of copper, liku the Bolution prepared from I grra. of copper 
the 5 c. e. of standard liquid in the ee.'ded wiicn compared with 5 c c. of tlie solution 
tube. So that the 50 c. c. will contain '12a prepared with 0.1 tirni. will exhibit a dif- 
grin. of uopper. And if it happened that tno wrent blue tone. "lite color of the former 
frrins. of ore were tfiken anil tbat the aniuio- will be more " fiory " tJian tliat of the latter, 
id.ieul solution was cliiutecl to die voluim, of and this peculiarity will diminish througb 
200 c. c., it wouid appear lliat tin; sample con- the entire i-eries of Hqtiids above named, until 
tained 0.1 grm, of copper. — ITie owiy oh- in the solution which contains 0.1 grm. there 
ject in seaiinii tJie tube which contain-, the will be seen a tinge of greenish blue. Jf only 
standani solution is to Ictcp the Kttei from a mngle standard liquid were used some dim- 
evaporating. It may sometimes be more coti- culty wouid bw met. especially by unpractiiied 
■venient to have the (standard liquid in an open eyes in attempting to c-omjiare with it liquids 
tube. Thus in case the liquiij to be tested is which contain more or less eopjier. The liq- 
lighter colored than tlie stiindard liqiiiil, jiro- uids Zoning the greeniBli blue tinge would be 
ceed as follows ;— poui' 5 c. c. of tin: standard held to be deeper c'olored ihsn they really are, 
licjuid into tlie graduated tube and 5 c. c of To avoid this difficulty v, Hubert prepares 
the liquid to be tested into a short ungrad- two standard liquids, the one fitim 0.1 gnn. of 
uateil tuhe of the same diituieter, and dilute copper and the other from 1 grui,, and dilutes 
tlie- contents of tlie graduated tube until both ifae former to 200 c. c, and the latter to 2000, 
the liquids have tlie same color. Not« the so that the relation of 5 c. c. tu 0.002G grm. 
quantity of water used and ctdculate how may remain unchanged. In case tlien a dif- 
much copfwr is contaiued in each 5 c. c, of the ferent tone of color appears on diluting the 
diluted liquid. The fiirthci' cnJctdation will liijuid in tlie graduated tube, and especially if 
then be as above. (Jaequelaiu, Coiuplen this occurs at the very commencement of tlie 
Mewlas 8" Juin 184fi, though Kerl and v. process of diludon, die two utandard liquids 
Hubert.) llie piricees is said to bo exact and may be mixed in the short tube in sBch pro- 
easy of execution, it may be employed &r the portions tliat the color of the niixture ^^l 
analysis of regulus, and alloys such ^s brass, ajppear to the eye identical with that of tlie 
bronze, pack-ttmg, and gold and silver cuiu liquid in the graduated tube. If the liquid in 
and ware. It can hardQ' be applied to the the graduated tube shows a brightei' blue tlinn 
valuation of slags and ores which contain inm the other, put more of the solution of 1 gnn. 
imless special pains be taken to remove the of copper into the stiort tube, but if its tone 
latter. (See below.) tend toward greenish blue add more of tlie 

B- Von Huherlt modificatuin if Jaeque- solution of 0,1 gnn, of copper. 
toiVit test. According to v. Huliert, several In preparing ores and products of the Mmit 
important considerations have been neglected works for analysis, take core to reduce ihem to 
in Jacquelajn's description of his pi-oeess. the finest possible powder. Slags, in particular, 
'He internal diameter and length of iJie tube must be finely powdered in order that strong 
are not matters of indiffcrenee. Any given cldorhydric acid may dectBUfiose them cow- 
blue liquid would necessarily appear darker in pletJjly. Let the mixture of powder and acid 
a wide than in a narrow tube, since a thicker stand lor some hours at a moderate heat, or in 
layer of it would be looked at. The tnbe the ease of ores, until tjie sulphur which sepa- 
ought to be so narrow that the liquid shall rates is no lonijer brown or green coloi-ed, but 
appear so light colored that the comparisoa of yellow. ^ Tlie oside of iron which falls 
tlic blue tints can l>e readily made. An inter- when the acid solution of an ore is su^iersatu- 
iial diimieter of 1 c, m. is well suited for the rated with ammonia water carries down a cer- 
purpose. The tube should be graduated to tain amountuf copper ininsoinbleconihinaticm, 
;<5 c. e.; it Is well bo have it 46 c. m. long, especially when the proportion of copper inthe 
in oi-der that there may be plenty of room to liquid is large. The copper thus dragged down 
shake its contents ailer (he addition of tlio may amount to as much as 0,9 per cent in a 
water, ^ A single standard solution is 20 per cent ore; it cannot be removed from 
hai-dly sufficient, for ceitain differences in Uie the oxide of iron by long continued washing 
tone of the blue color are iiotiLcable when tliu with hot water. To avoid this loss treat the 
standard solution contains inui.li more or luticit moist, thoroughly washed, precipitate upon the 
teas copper than die liquid to be examined, filter witha very small quantity of concentrated 
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chlorhydrlc acid, again add an escew of am- rest for i minute note the number of c e and 

monift waterto tbe solution thus obtained ol tenth" of c c of witei «h th haie been useii 

)ect t)ie jjrempitate upon a filter, wash iC with tn 1 igain aid watu dro| b) drop until the 

a little hut U'al«r. anc^ add the filtrate ajid lir|uiil 1 1 be tt^ud »ppear" a trifle lighter loI 

washinj;p< to th« Itrst anjiuoniaual solution ored than tlie standard Again note the 

The ((nantity of the substance to be weighed amount o* water ii"ed and take the mean of 

out varien with the amount of L-opper cotitained the two obsei vationa ix the correct reading 

in it, — 4 or 5 grms. wjll be enough of an ore ITio calculation h*s been iiplaraed in A 

of 0,1 to 2 per cent; 2 grnia. of an on, of 2 In tare the ore contains cobalt or nickel add 

to 20 per cent, and I ^m. of an ore of more an excess oi' powdered wliite marble to the 

than '20 per eent. — The fiwt dilution of the acid soliitioti to precipitate tlie copper, while 

so! u don should depend upon the deptji of its the cobalt and nickul are left in solution. Col- 

(rotor. In general, tlie solution of » 0.1 to i lect tlie pi-eeipitate, dinsolve it in chlorhydric 

per cent oiv may lie diluted to loO or 100 c. c. acid and proceed as above. To remove inan- 

and an ore of mure than 2 ]ier cent to 200 a. ganesu, place the nminoniacal solution in a 

v., — in a graduated cylinder. Care mwt of purceliun dish, add carbonate of potassium 

courtie he taken to prepare the standard sohi- anil heat the inixiure lor several minutes, 

tions and tliu solutions to he tested at some The ni»ng-.inese wjll go down in the form of 

one coimiioii temperature at neai-Iy m raay lie. Carbonate while the coppi^r remains dissolved ; 

To this en. 1 it is well to coul the liquids by filter (lie blue solution and proceed as above, 

leaving the vessels which contain tliem for half The jirocess hits the merit of cheapness and 

an hour or so in running water, or in freshly accuracy. (_Von Huliert, .lahrhuch h k. geolo- 

drawn well water. Siuce the nundier of u e. </i'^/i. Heichsonslalt, \Yien, 1850, 1. pp. 415, 

of water used !s dii'ectly proportjonal to tlie 5S31,) 

per cent of copper in the weighed sample, it C. Bishof'» modification:. A cheap and 
tbllowB that if 2 gnne. of a 60 pur cent ore were simple apparatus duvised by G. Bisciiof, Jr., 
taken, if the solution were diluted to 200 c. c. lor facilitating the eoiupariBon of copper solu- 
and 5 c. c. of the diluted solution measured tions and other colored solutions, is figured in 
out for the test, there would be obtainwi a col- Dingler's. Pidt/lerh. Jiiurii., 184, 433, and 
unin of lic(uid equal to 60 c. c. But it would Zeilxek. anolffi Chem., 1867, 6, 459. 
be well nigh impossible to manipulate with P. tfeine'ii fesffor copper «lag«. Heine was 
such a tube or to mix the last drops of v/nXur tlie first who published a description of a color- 
thoroughly with the rest of the licjuid. Hence, imetric assav of copper. (See Bergwerkx- 
fbr all ores that contain over 40 per cent of fremd, 183B", 1. SB and 17. 405.) llis pur- 
eoppur, no more than 2 e. c, of the liquid to be pose was to nave a ready method of deter- 
t«sted should be measured out with a pipette mining thii small proportion of copper in the 
int-o the graduated tribe; but for ores of less furnace iJag of tllu works at Mansfelii, hut 
than 40 per cent copfier 6 c, a. of the lii^uid the prucijss has been found nseful for testing 
should be taken for the teet- slags in luany other loealltiee. 'Ilie details of 

In inakiug the comparison between the it are as follows >~- A nnniber of standard so- 

standai-d liquid and t|)u liquid to bo tested, it Intionn ai'e prepared by dissolving a known 

is best to Ijold the two tubes parallel with one weight of jiore copjier in nitric acid, supersat- 

another in tlie right hand luifbru a sheet of urating tliu solution with am nioiiia water and 

white paper, while with the left band the pa- diluting with measured quantities of water to 

per is pressed firmly against (he tubus. But any di»ireil extent. These solutions are kept 

in OFOer to avoid disturbance fi-oni while in a row of glawi stoppeiiid bottles of colorless 

stripes, due to the gla». which would be seen glass, of precisely the same capacity and of 

if the tubus were held vertically, it is well to quadrangular shape. In the first bottle there 

hold tlie tubes in a slanting position, at an an< may bit, Bay 0.004 gnn, copper to 25 c. c. of 

gle of about 45", though stiA parallel wilii one water, in ai<^ second 0.003, in the third 0.002 

another. In case the liquid to be tested ii and in tho fourth 0.001 grm. The intensity of 

much darker than tlie standard solution, it the blue itolor will be proportionate to tlie 

siiould fii-st be diluted to such an extent that it niuouiit of copper in tlie solutions, and by 

shall be nearly of the color of the stnndai-d, comparing any othei* solution with liiis series 

though still manifestly darker than the latter, of standards the amount of copper contained 

Then observe whethei' the tone of color in the in it may be inft-rped from its color, and the 

two liquids is the same, and if it be not, pro- amount of water thart has boen added to it. 

c-eed to adjust the standard solution as above It is essential that the liquids should be very 

directed. When the standard has been dilute, oth-rwise the color will be so intense 

brought to the required tone proceed to dilute that no just comparisons can be made, 

further thu liquid to bo tested, adding the A weighed ijnantity of the sliig was treated 

water at last, drop by drop, until the t^olor of with cuncenCrated nfti'ic acid, the solution was 

the two liquids is as nearly nlike t» it can be, supei*atnrati'd with ammonia water, the pre- 

and the liquid to be tested ^till left a shade cipitated liyilrates of iron and aluminum wei'e 

darker than the standard. Leave iha tibe at ulioued to suttle or were removud by tiltratiou, 
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the filtrate yiax diluted with water until it htui shnultlbe kept of the quantity added after the 

tlie same volume as the standard liquids; it auid lienor has been neutralised. Nitrate c€ 

was dien poured into a quadrangular bottle copper yields a more intunao blue with ammo- 

siiiiilar (o thme whith contained tlie standard nia tlian sulphate of copper. The blue of the 

liquids, and its color compared with that of the solution appears to be moro intense when held 

several standards. The value of tiie lii]uid befuie a |;raj wall than before a wliite one. 

under examination was deiluceil fmui that of After a while the solution becomes greenish, 

the standard solution, which it most nearly and loses Its intensitv. 

resembled If need were, the solution under The processes of Heine and Jacquelain have 
examination was diluted witli water until it been applied by I^gerlz (Berg and HtUten 
reseinbled some one of the standard liquids,, .^eifttn^, 18C2,p.2l8,)tothe estiniationof cop- 
In that event only the ordinary volume vhs pur in iron and iron ores, 
placed in the bottle for compar^ison, and the B. Earlier copper fesi of Dehm. Place 
whole of the solution was finally measured in a eleven, not too narrow test tubes, of similar 
Ijraduated cylinder. During the examination diameter, in a rack and fill them with so'utions 
the bottles were phiced in agood liifht between of ammonio-eulphate irf copper, of strengtl« 
a window and the observer. varying from 5. 6. 7 — 15 equivalents of cop- 

Exceeilingly poor sings, no matter whether per, to the litre, in terms of milligrammes, 
they have been decomposed by fiirfon with car- {Hi= 1.) Pour the solution to be tested inte a 
bonated alkali, or by acids should be filtei-ed, test tube similar to the rest, and place the tube 
after the addition of acid in order to remove between each pair of the standard solutions 
silicic acid, and Created with sulphydriu acid to until its proper place is determined. In this 
pi-ecipitate the copper. The precipitated sul- way there will alwaj's be found two liniits be- 
phide may then be roasted, the residue tweon which the real value of the solution 
dissolved in nitric acid, and the solution super- must lie. Blue glasses can be found in com- 
saturated with ammonia. It will not do to aild iiieree, of a tint so nearly like that of the 
ammonia immediately to the originid acid so- ammooio-copper solution, that they may be 
lution, since much copper would be carried employedwith advantM^ as staniianls of com- 
d own with, the slimy precipitate; when much parison instead of solutions of known strength, 
iron is present the iron and copper may be (Dehms, Zeifsch. analyt. Cheta., 1864, 3. 
precipitated t<^rether with sulphide of sodi- 3lS.^ For the later methods of Dehms, and 
nm, and the auljihide of iron afterwards dis- for A. Mueller's copper test, see below, 
solved out with dilute sLilphurie acid. Or the F. Uerapatk'n raelhod of enlmmling /i-on, 
precipitstad hydrate of iron may be redis- Ct/anaffen and St^pkocyafogeti. For the anal- 
solved and again precipitated, as in Hubert's ysis of waters containing minute quantities of 
(irocess above. ^ Or the slag may be de- iron Herapath empbys a process founded 
composed by Mohr's (Zeilsch. analyl. Ckem., on the colorific power of ferric sulphocy- 
1. 143) process, as follows: Place the ponder anide. A standanl solution of perChloride 
in a porcelain dish, together wltl) some sulphu- of Iron, containing a little less than one one 
ric acid, water and nitric acid, cover the dish, hundredth of a gr^u of metallic iiim per 
evaporate te dryness and lieat the residue un- cent, is prepared bv dissolving 1 grain of iroa 
til no more fucncsof sulphuric itcid are visible; in chlorhyilric aciil, with the addition of a lit- 
then treat the residue with boiling water, tie nitric acid, evaporating nearly to dryness 
Sulphate of cop[)er together with a little iron and diluting to 10,000 gr. measures with dis- 
will go into solution, while insoluble basic sul- tilled water at 15.5° ; from this solution other 
pliate of iron, etc, will remain in the residue. standard solutions of different streogchs are 

The process furnishes useful approximations, prepared as required, and colored by the ad- 

and is still somewhat extensively used for test- dition of a few drops of snlphocyanide of pot- 

iag slags and shales which contain but littlt; assium. A convenient quantity of the water 

copper; it is less well adapted, however, for to be examined, generally half a gallon, is 

testing richer materials' (v. Hubert; Kerl), evaporated to dryness, and the saline re a due 

Heine (Bergwerksfreund, 17. 405) claims that dissolved in chloi'hydric acid. The solution is 

for substances poor in copper, such as slags, boiled with a few drops of nitric acid, filtered 

liis process is prelerable to v. Hubert's; with to separate silica, ete., and the iron precim- 

such materials he can det::nnine the copper ac- fated as a hydrate, by means of ammonia. 

curately to 0.03 per cent, while v. Hubert can The hydrate of Iron is collected lipon a filter 

only be sure to 0..? per cent. Accordiug te and well washed with water, after which it is 

Heme, the oblong or quadrangular form of the dissolved in the smallest possible quantitv of 

bottles is a point of considerable importance, chlorhydi'ic acid, and the solution placed In a 

According to Muller {Bergmerksfreunil, 18. phial or tube of known capacity. A few 

llg), the color of an aiutiioiiiacal copper soiu- dmps of a solution of sulphocyanide of potas- 

tion depends very much upon the amount of slum are then addeil to tlie iron solution, 

animouia present. For exact experiments a and the mixture is dilute<l with water until it 

solution of ammonia of known stren^'th should reaches a mark upon the tube corresponding 

be prepared {see Acidimetry), and an account to 1000 water-j^rain iiieaHurcs. Tlie depth of 
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tint of the diluted solution is then compared added to an 
with that of several standard solutions pre- acid, :md thu 
paref' as above described, eon tainud in tubes tionof flinrfrsot'sulphurior when a aiixtiu-eof 
or phials of similar diameter, in whieh L-ertain cyaiihydrio add, amuionla water and quinqui- 
known quantities of iron, ranging from the sulphide of ammonium is gently heated, t)ie 
one-thoiisaiidth to the one-fourth of a grain, tyanlivdriu acid is soon converted into Bulpho- 
are contained iu the same bulk of solution, cyaniile of ammonium. The (ubsttuice to be 
At the moment of comparison t!ie tubes are tested ia trcfttod either by distillation with 
placed against a Anet of white paper and held dilute sulphurie atiil, or in any other appro- 
between tiie aye and diffused daylight. By priate way, so that an aijueous solution of cy- 
operating in this way the one-tbousandtli of a anhydrie aeid shall be obtained, and the latter 
sraia of iron per };allon may he estimatctl with isiionverted to aulphouyanide of ammonium, 
the greatest readiness. For small quantities aa has been explaineil. Afier such couver- 
of material the process commends itself for sion, the liquid is carefully evaporated to dry- 
convenicnc'C and accuracy. ^ In some ness, the res'rtne is dissolved in boiling water, 
cases it may he found preferable to employ but the soliiiiun iiltorud and placed in a coloi'ime- 
one standard solution - in that event tliu pi'o- ter tube, whei'e it is treated with a slight ex- 
port on of ron b d teruiined by measuring cess of ferrie ehloride. The tint produced is 
the quant ty of wa er vliiuh it required to then conipared from time to time with that of 
1 ghten tl I nt of tl e 1 quid tested so as to a liquid in another L-olorhnetcr tube, contain' 
render t de t e 1 w th tnat of the stan<lard ing a weak solution of ferric chloride, to which 
Boluton or cf vefa (T, J. Herapath, a standard solntion of sulphocyanide of ammo- 
Jou I nlo Chen Aoc , IS53, 6. 27.) nium, or sulphocyanide of potaislum, is gi'sd- 

The ST, ne pr n ] le I as been employed by ually added, until the two correspond. From 
Heiapath, (C/ie!Rieai Oaselle, ISnS, 11. 294,) the aniuunt of sulphocyanide solution thus ex- 
for the estimation of iron in the ashes of plants pended, that of tlie cyanhrdrio acid in the 
and animal matter, in guano and other suixtance analyzed b calculated. According 
manures, etc The ash or other matter is to Herapath the proucss yields excellent results, 
treated with boiling chlorhydric acid ami the and is specially valuable where minute quanti- 
mixture evaporated to dryness. Tlie residue ties of cyauo^'en are to be determined. By 
is moistened with strong chlorhydric acid and using sniall sized tubes and operating with 
warmed until everything soluble in the acid care, the three- tiiousandth of a grain ot cyan- 
has dissolved; water is then poured upon the Lydric acid may be estimated with the greatest 
mass and the silica separated by filtration, exactness. — When the process is ein- 
The aci<l filtrate is lieatod to boiling afier ployed for estimatinij sulphocyanide of potas- 
addition.of a few drops of nitric acid, and slum in saliva, the latter should be cvapora- 
supersaturated with ammonia water, whic-h pre- ted to dryness on a water bath, and the residue 
cipitates hydrate of iron, either pnru or com- treated with dilute chlorhydric acid. The fll- 
bined with phosphoric acid, and usually more tered solution is pUced in a colorimeter tube, 
or less coutaminatfid with the phosphates of a drop or two of a solution of ferric chloride 
calcium and mi^nesium. Collect the precipi- is adde<l to it, and tlie mixture is diluted with 
tate on a filter and wash, dry and weigh iL water to tlie mark. The tint is then compared 
Then reilissolve it in boiling chlorhydric acid with that of an iron solution, to which a stand- 
and transfer the solution to a burette. Pour ard solution of sulphocyanide of ammonium is 
6, 10or20 measures of llie solution into the added, as above ciuscribed. (Herapath, W. o»V.) 
colorimeter tube, add an excess of Bulpliocy-. G. Htialiiiff Indigo tett. The colorimeter 
anideof pDtHssium, and dilute the liquid to the of Honlon-Labilladi^re (Deaeriplion ^im cdor- 
mark upon the tube, which way eorruspond to imetre, Houen, 1827) consisted of two cylin- 
500, 1000, 10,000 or 20,01)0 water gnua meas- drical tubes of tbc same glass and of the same 
ures. The tint is then uompared witli that diameter and thickness. 'Ihe tubes were of 
producetl by the gradual aildition of a stand- about liiUf an iuck bore and 13 or 14 inches 
ard solution of ferric chloride to water Jmpreg- long. The tubes were closed at one end, and 
nated with sulphocyanide of potassium, and at a distance of about live-sixths of the lengtli 
contained iu another tube of similar dimen- from the closed end they were divided into 
sions placed beside the first against a sheet of two parts of equal capacity, the second half 
white paper. Prom the number of measures being gradiiateu into 100 divisions. To re- 
of the standarcl iron solution that are expended ceive these tubes a small wooden box was pre- 
in bringing the fluids to a uniform tint, tbo pared, and blackecicd upon the inside. Tliis 
amount of iron ia the solution to be examined box liad two contiguous holes in its upper 
is ascertained. part fur the ntception of the tubes, and at one - 

The same principle has been applied also by uml, immediately behind the tubes, thei* were 

Herapath (Chemical Gilzelle. 2853, 11. pp. two rectangular slits eon'cpponding to tlie di- 

295, 29(1) to the estimation of cyanogen, ci/an- ainetcrs itf the tubes. At the otiier end of the 

hydiic acid and aidpkocyanhyilnc acid. When liux. tiiciiig the tubes, was an eye-hole, so that 

' ' ' ' " ' ' ' water are by holJiiig the box to the light, and look- 
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ing at the tubes tliTOUf;!! this hole, any difFer- 
enee of hue in the eolored liiiuids plaeed in 
the tubes could be readily nppreeiated. 

The proeeas of testinff was as follows: Draw 
a fiur sample of the iinligo to be tested, reiluee 
it to fine powder by trituration and sifting. 
Weigh out 20 grains of the powder, plaee it in 
a ilry flask , pour upon it 400 grain n of concen- 
trated snlphuriu ai'id of 1.S43 ap. gr., aud 
heat the mixture to S8° to 43° for about an 
hour, with occa'^ional idiitklng. In the same 
way and at the sauic time treat 20 grains of a 
standard sample of indigo, whieh is kept fur 
tl e p rpose of comparison ; wlien the indigo 
haa I 'IS Wed let the liquids cool, and pour 
each solution into a flopamte two-quart bottle. 
Wash he matter whicli adheres to the flaxlts 
nto tl e bottles, and aild' enough water to fill 
tl e bottles. Shake the bottles thoroughly, 

e sii'e out 10,000 fluid gratis of each aolu- 
1 00 to tall beakers or cylinders, and let the 
1 ] d^ seitle. Pour a portion of the elear so- 
lut o a nto the colorimeter tubes to the 0° 

ark plaee the tubes in the holes in the box 
a d look at them throngh the eye-liole. If a 
dffexi e in the depth of color is observed 
all water to the deeper colored liquid until 
the ontents of both the. tubes exhibit tlie same 
t nt After each addition of water close the 
tube with the finger, and shake the liquid thor< 
oiighly. 'ITie amount of water a<!deil is finally 
read off from the graduated portion of tiie 

H. Mueller's Complementary Cdorlmeler. 
A principle somewhat different fhini that of 
the metliods thus far deN.'ribed hai been em- 
ployed by A. Mueller (Joam. prakt. Chera., 
1852, 60. 1T4; 1866, 66. 198; 89. S37, 866, 
also in a special pamphlet entitled Bos Cnm- 
jitemenlilr-Ciilorimeler, Chemnitz, 1854. Far- 
ther, ZeUxcK. anaiyl. Vhem., 1863, 2. 143; 
1864, 3. 407). Instead of comparing similar 
quantities of two liquids, a» above, Mueller de- 
termines the degree of intensity of the color 
of a liquid by finding how deep a layer of it is 
ri-quired to neutralize the color of a glass 
pUitti — maile of glaes so colored tliat it is 
eoiiijilenientary to the color of the solution to 
be tested, — and then measuring the thickness 
of the layer. — Tlie prouess of Muiler is 
eviiientiy one of great merit. It requires a 
speciat, tliough siiiiple apparatus, whi>.'h mar 
be obtained of the dealers in (iennan chemi- 
cal wares. Figures and descriptions of the 
app:irittus will be found in the original papers 
ol' MueUer, cited above. Without the aid of 
a figure it would not be easy t'. describe the 
pi'ocesB clearly. 

I, T/ie later processes of Dehm's, depend 
upon the same principle as the process of A. 
Miiller. Descriplions of them, and litres of 
thu appnrBtus required, wilt be found in Ires- 
cniua's ZeUsch. mialyt. Chem., 1864, 3. pp. 
■>lU,4y-k This a:>]«i'rntiis al^o ciui rciulily be 
obtained from Gei'iiiai;y. 



Siilphocyanide; by various volumetric pro- 
cesses (iupending upon the deoxidation of 
Copper Salts by reducing ^;entB; and by 
processes depending upon the color of its so- 
lutions (See Colorimetry). Descriptions of 
the various methods of assaying copper ores 
in the dry way will be found in the treatises 
of Kerl, Percy, and Mitchell. Compare 
Watt's iJirt. CAem., 2. es.- None of these 
dry assays come fiurly within the scope of 
tha present work, since the results obtained 
by means of them are, at tiio beat, mere ap- 
proximations to tlie truth. 
Principle I. Insolubility in dilute acids 
when in jiresence of metallic zinc, iron or 
cadmium, and when aubjueted to the influence 
of a galvanic current. [Compare Copper 
Salts.] 

Applicatwnx. Asaay of copper salts and 
ores. Separation of Cu from other metals 
not proeipitated by zinc, cadmium or iron. 
Notably trom Fe, Zn, Mn, Ni, Co and ths 
metals of the alkalies, alkaline earths and 
earths. Also fraxn Bi and Pb (Method 1, B). 
Method I. Precipitation of the copper by 

A. The copper must be cither in sulphuric 
or chlorhydric acid solution; in case nitric 
acid be present it must be expelled by evap- 
orating the solution with sulphuric or chlorhy- 
dric acid. Piaca the solution, which should 
be tolerably dilute, in a weighed platinum 
dish, throw in a lump of pure zinc and acidu- 
late the liquid, if need be, with chlorhydric 
acid, so that there uiay be a moderate evolu- 
tion of hydrogen. But if the solution is al- 
ready BO acid that the evolution of hydrogen 
b violent, dilute with water until the ener- 
vescence moderates. Take care to cover the 
dish with a watch glass, in order that no par- 
ticles of the liqmd may be lost/ The separa- 
tion of copper begins at once, a lar^ propor- 
tion of it being denositeil upon the platinum 
in the form of a ^lid coating, while another 
portion separates in red, spongj- masses. If 
the solution be concentrated the proportion of 
the loose, spongy precipitate will be larger. 
Iliere is no need of heating the contents of 
the dish, though the deposition of the copper 
would be hastened by the application of heat; 
but there must always be enough free acid 
present to keep up die evolution of hydroiren. 

After the lapse of an hour or two tiie whole 
of the copper will have separated. To make 
sure of this point take out a few drops of the 
supernatant liquid fi^>m time to time, and test 
them with sulphuretted hydrO(|;en water; not 
even a brown tint should be imparted to the 
, liquid. Prove that the last partu-les of KJne 
have been dissolved, by feeling for hard lumps 
wifh a glass rod, and observing that no further 
evoliitiiin of hvdrogi'n iKcurs on ailding f omc 
chlorhydric acid. Then press the spongy 
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copper tofsctlier ivitli the claai roil, liecant the phuivtteil hydrogen. Tmniedlately after the 

liquiil nnil ini mediately fjll the ilifh with boil- pveci^itatbii collect the eopper on a flltfr, 

ing water, again dacant, add more wHtcr and wash it rapidly and <lry it on blottin^r paper at 

repeat these operations until the washings ai-e not too high a heat, l«st it oxidize. ^ For 

wholly free <rom acid, ^nse the cop[>er once Mohr's description oi' the proeesB see Armal''n 

or twice with stnmg alcohol, to remove the Chem.vn'l Plittnii.,M. 21.^. It differs in no 

water, dry at. 100°, cool au<l weigh. -^ In- ejsentiai partiealar iWnn that girun abore, vx- 

stead of a platinum capsule the precipitation cepting that no platinum caiisule is employed, 

maj' he elTcctod almost as well in a porcelain B. Insteadof weighing the metallic copper, 

crucihie, or dish, or in a beftkur. A little this metal mav be diasolvert in the solution of a 

more time will then he rei^uired, however, ferric salt, and the amount of ferroua salt thus 

owing to the ab*ence of jjalvaiiic action be- formed may be estimated by titration. See 

tween the platinum and zinc, — unless indeed below, Principle III. If the solution contains 

a weighed sl^ip of clean platinum foil be nitric acid or metals reducible by zinc, such as 

placed in contact with the zinc, — and the bisnmth or lead, the copper mav be preeipi- 

whnle of the copper will be deposited in the tated from an atnnioiiiacal solution. To this 

tbrin of loose masses, not adherent to the dish, end iiiIk the aciil solution with an excels of 

Great care must be exercised in washing ammonia water, filter if need be, aiid a quan- 

tiiis spongy precipitate that no minute pai-ti- tity of zinc filings or powder to tlie clear solu- 

c-les of the copper are carried away by the tion, and heat the latter moderately until its 

water and lost. The dry, spongy precipitate blue color has disappeared and all tlie copper 

had better be ignited in a current of hydro- is precipitated. Wash the copper thoTOu^hly 

gen before weighing it. I have observed that with hot water in the first place, then digest it 

an appruciablo loss of weight usually occurs, with dilute sulphnrie acid lo remove tlie excess 

— varying in my expeiimentsfrom 0,5 fo 2 per of zinc, and finally wash with water and add 

cent of the dry copper, — when the copper the ferric salt. 

precipitated by zinc fi«m sulphuric acid soin- C. Au important modification of the jjro- 

tiona is ignited in hydr gen. (Storer, Me- cess has reeentlj betn mlroiluceii b* bttin- 

moiii! Americaa Acad., 1860^ 8. 47.) In a beck, who uses the impuri, znit, of lommerco 

ningle expericnent, reported by Fresenius. no to precipitate the copper and subsequtntly 

such loss was ob^rved. When carefully con- etitimates the latter % titration withiiamde 

ducted tile process yields very accurate results, of potassium, (jxa Topper fcialts 1 In this 

It is an excellent process, provided only that case the small amount of lead whii.h orditiiirj 

pure zinc can he procured. Bat it is essential zinc contains does no barm ^ As apnlud 

that the zinc employed shall dissolve in chlor- to the poor ores of Mansfdd, the details of 

hydric acid without leaving any residue. Such Steinbeck's process are as follows — Wtigh 

zme can rarely be found in comtiierue, and it out S grnis. of tlie powdered oie roast it li it 

cannot readily be prepared anywhere, exc^t- contain much sulphur or bitumen put it in a 

ing from ores of exceptional purity. The flask and pour upon it 40 or 50 (, c of a ude 

common statement of the books that zinc can chlorhyilrie aeid of 1 16 sp gr ihm add 

be ft'ee<i from lead by redistillation is an error, either 1 c. c. or 6 c c, according to the chai- 

(Fresenius; Compare Wollaston's metliod of acter of the ore of ddutcd nitm, acid pre 

precipitating Cadmium, p. 56.) It is necassa- pared by mixing e<[ual volumes of wattr and 

ry to avoid using a piece of zinc much larger nitric acid of 1 2 sp gr L*.t the mixture 

than is needed, as in that case afiter all the digest at a gentle heat on a sand bath toi 

copper is precipitated, a galvanic current half an hour and finalU heal the Iwjuid to 

may be formed between the copper and the re- strong boihng for 10 or 15 minutes In tins 

maining zinc, which may cause a small por- way not only the copper but the iron lead, 

tion of the dissolved zinc to be deposited upon zinc, nickel, cobalt and manganese which ac- 

the copper in the metallic state aud to niix it- company it are dissolved as chlorides. No 

self so intimately wilii the copper that its sub- i'!ore than 0,01 to 0.03 per cent of copper is 

seunent separation by chloi'hydrie aeid is left in the insoluble residue. By operating in 

difficult. (H, Rose.) this methodiual way no trace of nitric acid or 

The method now in question is a very old of any oxide of nitrogen will be left in the 
one. It was used, for example, by Vauquehn solution. ^ Filter the solution into a 
as long ago as 1798 (Annaten rfe Ckinde, 28. beaker of about40<) c. c. capacity, in which a 
50). Pfaff in 1825 (,Pfqff''i' Handbuch analyt. strip of pUtinum foil and a bit of zinc rod 
Chem., 2. 294) speaks of it in tlie following have previously been placed. Tlie zinc may 
terms: Zinc is to be preferred to iron as contain as much as 0.1 to 0.3 per cent of lead 
the precipitant, since the precipitated copper without detriment to the process. Copper be- 
maybe reinove<l from zinc more readily than it gins to be precipitated during the nitration 
can he from iron ; almost the whole of the cop- and 'he precipitation is speedily finished, 
per will fall off in fine scales on the sli^htct<t thanks to the galvanic action between the 
agitation. Iii oi'der to be sure that all the zinc and platjnum and to the entire absence 
copper is precipitated test the liquid with sul- of nitric acid from the CTsncentrated hot solu- 
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tion. At the end of from onivlialf to tliree- pre9e^ce of an impurity eoiiBiiitin^ of or£ranio 
cjuartera of an hour after the businning of the niattei', derived from the iron, whicli adh<ire8 to 
nitration no trace of cojiper cun be deteeted t!io spongy copper, — prolmbjy some one of tlie 
in tlie solution. The pret-ipitated coppur is in hvJro-carbons whicb are K^nerated hy tha 
part attached to the platinum foil, while .anoth- action of acida upon iron. Mere oxidation of 
er part floats about in spongy masses. After the copper could readily be avoided by wash- 

the escesa of zinc lias been removed the cop- inji away the water from it with strong alco- 

])er is waslied by decantation repeatedly with liol before drving it, and indeed when no 

clear well water, and ia then dissolved in nitric alcohol is used the bright siirfaees of compact 

acid and titrated wJtli cyanide of potassium sjieeimens of copper precipitated ljy_ iron will 

(see Copper Salts, Steinbeck's process). In remain untarnished when rapidly dried in the 

washing the precipitated copper care should wr, at temperatures even as hiph as 110° or 
be taken to deuant the waah water into a large 1 15°. It is easy to convince one's self of the 

dish, and to collect any particles of copper presence of impurity in the preciptated eop- 

which maybe deposited there. (Steinbeck, per bv heating a little of it in a small bulb 

Zeitsch. analyt. Chem., 1889, 8. 9.^ tube with narrow outlet, such as is used for 

Method 2. Precipilaiiim of the copper by detecting arsenic. A (juantity of water will 
Iroii. (Tlie so-called iSioef/wA J SM.f/.) Acid- be seen to collect as a sublimate in the nnr- 
ulate tlie copper solutjon with sulphuric acid, row, cold part of the tube, while the copper in 
and in case any nitric acid be present expel it the bulb becomes bright and lustrous. A dis- 
coinpletely by evaporating the solution. Then tinct uinpyruuinatic otlor is at the same time 
dilute with water, heat the solution to boiling, perceptible. Carbonic acid is given off, as 
and as soon as it boils place in it a plate ol' may be proved by testing with lime watei-, and 
iron which has hvuxi made clean and bnjjht by ammonia also is sometimes evolved. The 
filing, or, butter, a rather broaii strip of sheet amount of impurity thus retained by porous 
iron which has been cleaned by immersion in spongy copper may aiiionntto2or 2.5 percent 
dilute sulphuric acid. Continue to heat the of the weight of the preciptate. In a series 
solution until all tlie copper has been precipi' ol' 50 or 60 experiments, in which the copper 
tated, as is determined by testing with sul- was precipitated IVom sulphuric add solutions, 
phuretted^ hydr(^n,_ then remove the copper 1 found tho loss of weight on ignition in hydro- 
froui the iron, wash it with boiling water and gen to vary from 1.5 to 4, or even 5 per cent, 
dry it. In oi'der to remove any carbon which When precipitat'jd from chlorhydric acid soln- 
inay have been derived ftvim the iron heat the tions the copper is oBualiy crystalline and 
copper in a glass tube, first in a current of air compact, and doubtless contains less impurity, 
and then in a current of hyditigen, in order to It has often been proposed to calcine tlie 
reduce the oxide of copper which has been metallic copper to oxide before weighing it, or 
fc>rmBd. Allow tlie copper to cool in ^e cur- to convert it te oxide by treating It with iiitric 
rent of hydn^n and weigh it, after air has acid and subsequently igniting, but the opera- 
been admitted to the cold tube. In case the tion is far less convenient and certain than the 
copper is collected on a filter, and tho latter reduction by hydnsen. According to Reiseh- 
ia burned by itself after the copper has been aoev (_ZeUi«:h. anSi/l. Cheat., 1864, 8.. ISO) 
removed iroin it as completely as possible, it is as good aa impossible to convert small 
there ivill be formed from the filter ash a little quantities of finely divided metallic copper 
silicate of copper which cannot be completely completely into oufwic oside by long continued 
reduced by hydrogen. It may lie reiioned as Ignition in a current of oxygen gas. 
oxide of copper after subtrauring the w«ght Selected pieces of the best Bussian sheet 
of the filter ash. Iron is less convenient than iron, about 8.5 inches long by 2.5 Inches broad, 
zinc aa a precipitant of copper, as has been are well suited ftr the precipitation of copper, 
already set forth in Method 1. (Berzeiius, and Only such pieces as have a perfectly smooth 
Dumenil, Schio., (N. R.) 3. 445, aa cited by and even surface should be used, fo" those 
PfafF in his Handhuch (malnt. Chem., 1825. 3. which are corrugated or uneven will be acted 
295.) But lUtle can bo added to-day to PfalTs upon unequally by the acid copper solution, 
concise account of the Swedish assay, though and some copper might lie lost in the cavities 
itis oftcnbettertousechlorhydric flian siilphu- thus formed upon tie sheet. The comers of 
ric acid. The use of hot air, as a preliminary the bits of sheet iron had better be rounded 
to the ignition in hydrcMen, is iio longer re- ofii" with a file, lest by their corrosion particles 
garded as nece-ssary, it being cuatoiuary to of metallic iron drop cff and contaminate the 
haatsflie copper directly in hydn^en as soon copper. Before being used the sheet iron 
as it is sufficiently dr^-. must be soaked in dilute sulphuric acid until 

The ignition in hydrogen ia essential, wnce the glazed coating of silicate of iron upon it ia 

the copfier precipitated by iron is rarely so loosened to such an extent that it can be 

pure that it will not h>se something on being washed off. One of these bits of iron ia 

tlms ignited. This ignition is neces.=itateil less made to lean against the side of the beaker i 

by the ox id J of copper funned cluring the whicli the precipitation is effected, so that tl 

"■■'■'' ■ ■- ... ... largest possible suriiice of the ira" -'-"'- 



is of drying the precipitate, than by the largest possible suriiice of the iran shall be e. 
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posiid, anil tliitt the sheet may be equally cor- leave Httle to be ilesircd ivlicii all tlio ivqtiive- 

rodwl upon botli sides by the atid liquid. inents ai-e fulHUed. but tliu Ojrerntor lun^it have 

At the close of lUe pivcipitation most of had long expcriuiwo in oi'iiei" tliat he may 

the copjier will be found detached from the know the assay thiirmi^ily, and mnst eontiii- 

iron in one or more loope sponfry inasaes. Any ually exercise tli« grtatt't poiaible cii-e. I In, 

sn>all particles of coppur which remain adlio- chief difficulty hea in the opei ition of pi 

ling to the iron may iie ruhhed off with the cipitating tlie oc^j er Tht, pi et j it ition ini -.t 

finger, taiing care not to clisturb the black occur at a certa a teniporaturL tin solulion 

coating of impurities fittm the iron, which muiit tieitluir bt. too iiot no tio <oll Ust the 

foriilB upon the sui'faci; of the latter beiieatil copper fasten ileelf t lO fii lulj tfi tlic ii on It 

the copper. Care must be taken, moreover, is neeesswy also to ha\e tJit i i^bt <(u intjt* 1 1 

to avoid the precipitation of an insoluble acid, so that tliere iiia\ not bt, igrtit •.ict.s^ 

Bubsalt of iron when the copper eomes to be of it to ocearfon too iioUut iK-tion an 1 to di<- 

wa^ed. solru too much of tlu. hod nhile thi.n, is etlU 

If after the removal of the iron tlie clear enough to prevent tht foi in ition of ba^uc iion 

acid solution were largely diluted with hot salts wJiich would lontsinindts, thi, i p|M.i 

water, an alinndant preijpitate c^ a basic salt The solution should inirutTtr, ha>c nutltr 

of iron would immtidiately be formed, es- too laj^ nor too small a volume It is "pc 

pecially if the priKlpitation has b««n efftsited ciaily important tliat tin oper itor be iiivstnt at 

la a sulphuric acid solutioii, and the same the moment whtn ill tin (.opptr lias )». n 

thing woitld hjippen if hot water were poured precipitated, in order that tl o iron ina\ tc 

upon the copper from which tlie clear acid so- tmmediatQly romoied anl the bluI hqu jrs de 

lutioii liail just been dscauted. To ar(»d this canted from the copp(r All tl <?sc n\ e .itDiis 

ti"ouble, waiii the copper once or twice with and precautions r^*] ' <i i\p( 

cold watur l»Blbre any hot water is poured upon rience, patience i ui lul 

it, or, in case of need, rinse the precipitate resulQi may be oW i fr< m 

once or twice with very dilute ehlorhydrio 4 to fi aasaya maj 1 jiiilj 

acid before wadibg it with water. — In but the operato tiilK 

conducting tlie assay it ia of importance that eepeetally towirih tit It Me protc,-is 

the Mlution should be dilute, since, in that ia distinctly inferior to tlmt of bttiubti-k (-ite 

event, the precipitation of the copper goes on under Method 1) oi tu that of I utkow by 

more reguliirly and is sooner completed; it galvanic precipitation (iih) Copptr bnlti-) 
should be warm, not only that tiie cupper may According to Johnson (in his New \ ork edi- 

b« i>i'ecipitnted more rapidly, but iu order to tion of FreseDiua)^tho precipitation by iron iiic- 

avuid the formation of a basic iron salt which ceeds ^vell when iron can be ohtniiied, which 

is very apt to contaminate, the copper when it dissolves in dilute acid wiUiout the sepnralion 

is precipitated .from a cold solution. This in- of weighable quantities of black particleR or 

soluble basic iron salt is liable to form during dakes. If the copper solution be cold, dilute 

the precipitation even in warm solu lions, if and nearly neutral when the iron iifiist placed 

they are uot sufficiently acidulatt\d. K a so- in it, the copper has little adhesion to the iron, 

lution is at the same time rather concentrated and may be readily detaciied from it for tbe 

and but feebly aciil, a portion of the copper purposo of weighing. If, as soon as the iron ia 

may adhere- to the iron so firudy that it can- coated witli copper, some 20 c. c. of chhirliy- 

not be rubbed off. dricacid are added to the solution, and tlieliq- 

The chief difficulty in the assay is to dis- uid is heated ncarlyCo boiling, and maintained 

tinguish between minute particles of metallic at that temperature without actual ebullition, 

copper, which are liable to float away in tbe the rest of the copper is dcpoaited a» a 

wash water and be lost, and equally uiinute spongy, coherent m;iii!i, which, with due care, 

particles of impurities from the iron which may be removed front tbe ii*oii and washed 

are apt to remain nitli and contaminate the without falling to pieces. In case the copper 

precipitated copper. After some practice, cannot readily be washed hr dccaiitalion, it 

however, tlie ogierator can overcome this diffi- may bo gathered on a sinail Alter and the lat- 

culty and can obtain, constantly, tolerably sat- ter subsequently burned. 

isfactory results. As has already been said, It is a matter of great importance that the 

it is usually easier to obtain good results witli last traces of nitric and nitrous acids be re- 

chlorhydric acid solutions than in those acidu- moved from the copper solution before tbe in- 

lated with sulphuric acid (Storer, JMemoira troduction of the iron, for if either o;' these 

Ameiican Acad., 1859, 8. pp. 43-48). acids bo present, even in minute proportion, it 

The following judgment of tbe process has is well nigh impossible to precipitate the last 

recently been published by the Directors of portions of the copper. Hie nitric acid may be 

the Mining and Smelting works at Mansfeld, removed by evaporating the solution as nearly 

(ZeUsch. analyl. Chem., ]8fi9, 8. 2). Tbe to drj-ness as can be done upon a water bath, 

Swedish assay is inconvenient on account of with two successive jiortions of pure snlphurie 

tbe multiplicity of operations and the dilReuI- ai'id, or until no vestige of blue ci-ystals can be 

ty of conducting it. It is true that the results soon in the residue; or, bethir, the nitric acid 
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■olution may be twice evaporated to drj'iiea* of thu furroUf Kiilphiite tlie last ti-aces of nati-Jc 
with an cxue^s of ordinary strong inuriatiu acid. 3c:iil may be got rid of fnr more c^ulvkiy. easily 
In oi-diM' to bring a copper ore or nlioy into and certainly, than by tie old metbod of evap- 
Mjliition iTitli the. uxe of theieast possible quan- oratin^r n-itit sevcnu luceeiinve portions of 
titi- of nitric acW, Mobr (Tilrirmelhorle, 1865, ohlorhydric acid. 

J . 8G3) heats the siibstanee with chlorhydiic At;coii]inE to Gibbs (American J/mrn. Sci^ 
"I'id.and adds nitric aciil dropby drop, so long 1867, i4, 212), the finely pulverized nre may 
as any tblngrdissolves, taking tare towait alter be mixed in a piK-celain erueiUe with 3 or4 
nch addition until no more nitric oxide gas is times its ne^btof a mixture of Mie nraleculeof 
gireii olT. Thu chlorhydnc acid Ediition is basulphate of potassium and one of mtratc of 
finally heated to boiling to destroy thelast poF- potassiam. Heat the mixture srowly to low 
tioLis of nitric acid, . Or, better, in case iron is redness, — bust in a muSe. 'Fbe sulphtdus ar» 
ni>t to be determined in the soluticm, some Oixidized eomplelely without the least Irothing- 
feri-oiis sulphate may lie added and the mixture of the hot mixtui'C. Add enoiigb t^tning aul- 

builud until aii the nitric acid is destroyed. phuriu acid to convvrt all the sulphate of po- 

F, P. Pearson (Ai/i^rieim Journ. Sci,. 1R69, tasEiiiln into bisulpbate, ami again carefully 

4 ■ U)4) proceede as follons: — Place a weigheil heat the crucible until its contents liise to st 

quantity of the powdered ore in a porcelain clear uiass. Tbe cruciMe is not attacked by 

iiiNh,lo[,'ethurwitlisoineChlorateof Potassium, the flux, and the cold mass may osiiaily be 

5grma.of an ISjiorcent ore will be enov^hfor readily separated from the crucible. On'dis- 

an assay, and a small teaspoonful of tbe chio- solving the maas in watep the whole c^ the iron 

Tate may be added to it- Inrert a glass fitnnel, aod cc^pur are found in the state of sulphates, 

having a bent eimn. in tbe disb, and poar into ami the insoluble litica may be si'parated by 

the dish rather more oniinary strong nitric atW filtratioB. The whole operation reijuires about 

than would be suffi<!ieut to cover the powd'-r. an hour. In tbu case of ores eontaintng much 

Place the dish on a water bath, and atler some bisulphide of iron it b best to heat the pow- 

tiine throw in tuiall (juantities of thlwate of po- dered ore as long aisiilphur is given of before 

ta.'siuin HI Ireiincnt intM*valB, nntilirce sulphur treating it with tlie oxidizing mixture. 
can no longer be Been in the di^. As a general Another method, proposed by Mdir (Zeilsch. 

rule.itissaferand inoreconvenienttoLeatthe anali/t. Chem., J864, 1. 143) is as follows. — 

mixture on a wattirbiitJi than upon sanJ.'though Place 5 grms. of tbe powdered ore in a porce- 

theoxidiitionof the sulphur is mure rapid when Iain dish of 10 cm. diameter, tcgether with 

the mixture cf nitrii! ac»d and chlorate ss heated some sulphuric atid, wattr, and nitric acid, 

to actual boiling. When the last j)articles of Cover the dish with a lai^ie watch glass and 

sulphur have bevn destroyed i-emove the fun- heat the mixture gently. Much spirting will 

nel frain the dish, rinse it with water, tind col- occur, while a quan^ty of fi-eu sulphur sepa- 

lect the washings in a beaker by themselves, rates auil envel<^eii some of the ore. Dry the 

Allow the liquid in the dish to become cold, liquid by applying a strtrnger heat, remove tliu 

piiiir upon it a (luaiitity ct oi-dinary strong wateh glass and increase the heat until the- 

ihlorhydric aciil.vnther larger than the qiiant>- salphur burns and the free acid is volatilized, 

ty of nitric acid t^iken at first, evaporate the Allow the dieb to cool and add seme more ni- 

mixud solution to dryness and heat the dry trie aeid and a little sdphuric aeid; if red 

residue, to render silica iot^oiubte. Ti'eat the fumes appear it ia a sign that some of the- 

n'sidue with water and without filtering, wash ore is still nndecomposed. In that event 

the contents of the dish into the beaker which eYaposate to dryness and bum t^ the sniphur 

contains the rinsings of the funnel. Heat tlte for tbe second time. In the case of rich orciBi 

li(]Liid nearly to boiling, add to it some 35 c. c. this operarioR may have to be repeated it 

f t ong solution of ferrous sulphate, and boil third time. The process has the merit of re- 

h n ui-e tor 4 or 5 luiautes, in order to de- moving almost completely any lead, antimony 

s smalt quantity of nitric acid which or tin which might be contained in the oru> 

I p lonnlv escaped decomposition. The For other nielhods of decomposing sulphu- 

ferru tt seldom or never acts instantaneous- retted ores see above, under Method 1, Stein- 

l> le rednuing action proceeds rapidly beck's modifiualioB; and below, tmder Copper 

1 e ce bi^un. If need be, add more of Salts, Parkes's copper assay. 
t fe ous soliitian, little by little, until the Method 3. Precipitation iif the copper by 

-e ontenta of the beaker become dark col- Cadmmm. Instead of zinc, eadmiuni may be 

ored o a most bJacb, and no moi-e ga» ia disen- used with advaratage for precipitating copper, 

f, t,ed To be sure that all the nitric acid has Its merits are that it can be obtained pure, and 

b 'e t cod place a droji of the boile<l liquid tlrat it dissolves wllb less vidence than zinc in> 

uj po elain, and test it with ferricyanide of acid solotbns. It should be employed in the 

p un - Filter the boiled liquid into a wide form cf a rod rather than in that of foil 

be k ad precipitate the copper on a sheet i£ since portions of the latter are apt to break 

ru -v above. It is easy to oxidize tlic whole off in small pieces, eipecially in a strongly 

of the »ul[huf in the ore by means of the mix- acid solution, which are difficult to remove 

tnru of nitric acid and thlorale; and by means (Classen, Jotirii. prut. Chem., 96. 2,50,) 
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200 rn-prEn. 

Method 4. Precipitation of the copper hj the twisteil into tlie form of a flat coil, the oiiter- 
galvanic current, Tliu profess of Liiokow, most convolulioii of nhieh is so loree that it 
(Zeitxch. atialyl. Chem., ]86!f, S. 26, Che.mt- touch t-s iHe wiles of ihb twakor. Tlie rest, of 
eal News, 1 809, 18. 221 ), for which a pi-emium the wire is left straijjht, and is marie to pro- 
wfls rt'centJy awarded hy tho Directors of the jeet upwarda, ae if it were the coJitinuatioii of 
Mansfdd copptT niinep, is as follows:— Weigh an axis at tiie centre of the coil. Bynicansof 
out several portions, each of 2 or S grms., of hinding screws tlie upper end of the platinum 
the finely-powilereil, well sampled ore. Place wire is contieeted wilt the copper pole of a gal- 
each of the powders on a piece of iheet iron vaniu battery. The coil is immersed in tlie 
and roast iheni over tho flame of a Bunscn beaker so far that it shall lest upon the undis- 
Japip, taking care to stir them occasionally solved residue of the evajwratlon; its convolu- 
with a stiff platinum wire. With the ores of lions servo to keep the wire in place at the mid- 
the Mansfeld district the whole of the hituini- die of the beaker. If the operation has been 
nousniatter may be thus burned off in about carefully conducted, the liquid above the resi- 
7 minutes. When the pieces of sheet iron due in the beaker will be nearly clear. If it 
have become cold, brush off the powders with he very cloudy, as is likely to be the case when 
a camel's-hair bruE-h, upon sheets of glazed the liquid has spirted during the evaporation, 
paper, sticli as hook-binder's use, and ti-ansler add to it 1 or 2 c. e. of a concentraled solution 
them to small beakers having perfectly -flat of nitrate otbarium. and mix this reagent with 
bottoms both within and without. The beak- the rest of tlie liquid by carefully moving tho 
era should be 2 inches high, and about 1.6 inch platinum coil up and down in the beaker ; then 
in diameter. ^ Poor upon each of the leuve the liijuid at rest fora fewminutes before 
powders 2 or 3 e. e.of nitric acid of 1.2 sp. gr., snlgeoting it to the action of the galvanic cur- 
together with 10 or 1 5 drops of pure concen- rent. It is not necefsary, howsver, to wait un- 
trated sulphiirio acid. Place the beakers upon til the liquid is perfectly elearhefore beginning 
a sand halh, cover them with perforated watch to precipitate the copper, nor is it essential 

f lasses, or witli iunnels from which the stems tliat all ihe copper in tne residue of the evapo- 

ave been cut, and heat them moderately at ration s-liall be brought into solution at the 

first. When the contents of die beakers liave siai't. 'ITielast of it will gradnally dissolve in 

become almost dry increase the heat so as to the dilute acid during the process of prccijiita- 

evaporate and expel the whole of the free sul- tion. A uylinder-slinned piece of platinum 

phuric acid. This operation will require from foil \» next placed in the beaker above the coil 

three-quarters of an hour to an hour. Tho of wii-e. — To make tliis cylinder take a 

purpose of Ihe aulphuiio acid is to increase the flat piece of foil about 2.5 inches long by 1.25 

oxidizing power of the nitric acid and to com- inch broad, and lap ona end of it over a 

bine ivith any calcium which may be present, piece i5f platinum wire so that it shall be at- 

It is well to (ttld some 10 or 20 drops trf chlor- tached finnly to the wire, then bend the foil 

hydrie acid to the original mixture of nitric into the shape of a cylinder, or, rather, of a 

and sulphuric acids, since the rapidity of the half cylinder, ilir there must he some open 

evaporation is llierebj' promoted, and the mix- . space left in order that the foil may be ]>Iiu;f'd 

ture of acid and ore is less liable to bninp and in the beaker so as to enclose the axis of the 

spirt tlian it is when no chlorhydrie acid has coil. This cylinder is iinmersed in the liquid 

been added. Or instead of proceeding as to such a depth that its lower edge shall Im> 

abovB, meiisnre out ibr each assay, from hu- abont one-tenth of an inch (not more than onc- 

rettes kept chaiged for the purpose, 4 e. e. of seventh of an inch) above the flat coil, while 

a mixture of eijual bulks of strong sulphuric the wire which projtcts upwards ft'oni the axis 

acid and water, 6 e. c, ot nitric acid, and aimut of the coil is at tlie centre of the cylinder. If 

25 drops ol ehlorhyilvic acid. the beakei- is half lull of acid about thi-ec-<]uar- 

Wfaen all the sulphuric acid has been ex- tei's of tlie heifrht of the cylinder will be ini- 

Eelled, the beaker is removed irom tlie swnd mcrsed. ^ Tho wire attached to the cylin- 

atli and allowed to cool. Ilie crust of solid der is ftstened to the zhic pole of the battery 

matter at the bottom of the beaker is barely by means of hinding screws, properly fitted to 

moistened with a mixture of 1 pai-t of nitric the ai-nis of an iron stand. 

acid of 1.2 sp. gr., and 6 parts of water, and In a very short time alter the admission of 

then caretiilly pierced in several places with the current the cylinder of platinum foil which 

■ the sharpened point of a glass rod. The rotl, forms the negative pole of tlie battery is cov- 

as well as the cover and sides ol the beaker, ered with a layer of metallic copper, which 

are then washed with the nitric acid, diluted gradually spreads from below upwards, iihilo 

aa above, and the beaker is about half tilled bubbles of ens escape from tlie surJace of the 

with this liquid. A few drofis of a coneentra- coil of platinum wire and materially lacilitate 

ted solution of tartaric acid are finally added the action of the dilute acid ujion the copper 

to the solution, and a coil of platinum wire is in the ivsidue of the evaporation. TTie sim- 

carefuily immeraed in it. This wire maybe plest way of determining when all the copper 

about one-twentieth of nn inch thick and 7.5 has been precipitated is to add some dilute ni- 

inches long; for two-thirds of its length it is trie acid to the liquid in the beaker, and to 
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observe whether any copper is deposited ii|)i>ii luwinn; details are adapted for a SO per pent 

the fresh surface or pliitLuuin which haa V»wn sulphuretted (.-opper ore, which contains also 

thus brought into the field of action. If nofllm 0.3 to 0.4 per cent of silver. Digest 2 ^rms. 

of copper becomes visible in the eourae of 6 or of the powdered ore M'ilh nitric acid, until the 

10 minutes, the process is finished. Ur, a bit sulphur separates in small ):1obule!:. Pour 

f thin platinum wire may be immersed in the into the solution, from a burett*. dilute 



drop of the liquid with suiphui'otced Iiydr<^en, is required. This standard 

When all the copper has been deposit<id, stren^h thnt 1 c. c. of it is equivalent to 1 
■ lift the (ilatanum eylinder out of the liquid, niilligrm. of silver (see Cliloriile of Silver). 



!tliout disconnecting it from the battery, and S'eub'aliKe the solution with ammonia 
immerse it several timesina beakerufpm-ehot then add 15 or 20 drops of nitric add, and 
water. Then loosen the binding screw, retnove filter. Dilute the filtrate to the volume of 200 
the platinum cylinder from the battery, wash c, e., and proceed to preuipitate the copper by 
off the water from the copj>er by means of ftleo- means of the galvanic current, as explained 
hoi tlirown from a wash bottle, drv the copj>er above. The ej'linder of platinum foil must 
at 90° — 100° and weigh it. ^ 'The preeipi- present a larger surface than before, in order 
tation may be L'onveniently effected by means that it niay receive tile comparatively large 
of Kriiger's battery (figured in Zeilnek. amUyl. quantity of copper, and thatthe time of precip- 
Chem., 1869, 8. 31). itation mar be shortened. Spt'cial care must 
The time reiiuireil for the preeipitation va- be taken that the copper is deposited in a com- 
riea accoriiing to the strength of the galvanic pact state, and not as a loose sponge. A bat- 
current. The whole of the cop|ier will oiien be tery of 6 small, or 4 somewhat larger, lead- 
precipitated in the course of 3 or 4 hours, zinc coujiles will be needed, — one tliat can 
while at other times 5 or 6 houi-s will hardly generate from 50 to 76 c. c. of mixed oxygen 
be sufficient. In no ease ivhich has occurred in and hydrogen in 30 minutes, by the decompo- 
the Mansteld experience has more than 8 hours sition of water, will be sufficient. A current 
been required when the battery was in order, weaker than this would precipitate the copper 
It is consequently well enough, in most caiies, very slowly or incompletely, while with a 
to let the galvanic current act tor 8 hours, for stronger current the cojiper is liable ta be de- 
the sake of certainty. A siufrle assay may posited in too loose a form. The presence of 
Eojuctimes be made in 5 or G hours, and never sulphates in the solution is to be avoided as 
re<]uires more than 10 hours. 1 S assays can be far as (MMsible. So, too, as regards chlorhy- 
finislied with 18 small batteries in 12 working dric acid, evei'y trace of an excesx of it bin- 
hours; or,if the deposition of copper be alloweil dei-s the compact preeipitation of the copper, 
to go on by night, iH assays can be uiade with 1.^ is of the first impoi'tance that the pre- 
9 bat tet'ius In 24 hours, or 24 assays witli 1 2 cipitated copper be removed from contact with 
batteries, without trouble. the acid liquid before the battery is discon- 
Of the poor Miuisfeld ores at least 2 gnus, nected, since owing to the large suiface of the 
. must be taken tor each assay. It is wefl, tor platinum cylinder the nitxic acid would be 
that matter, to take always one and the same able to act upon the copper to a considerable 

auantlty of any given ore. Instead of heating extent even m a very short time. The eaaiest 

le ore upon Iron It may just as well be roasted way is to wash out the acid liquid from the 

in tltn porcelidn crucible in which it has been beaker, without dbturbing the platinum cylin- 

weigLcu; the operation ttms becomes a trifle der or interrupting the current. To this end 

simpi cr and cleaner. By caretiil manipulatioQ set a glass tube, attached to a funnel, in the 

it ia easy to avoid a turbid liquid when the res- beaker, so that tlie bottom of the tube reaches 

id ue of the evaporation is treated with dilate to the bottom of tlie beaker, and let rain water 

uiti'ic aciiL The addition ut nitrate of baiimu run through the funnel out of a vessel placed 

siiould be carefully aroided, encept in cases of above it so that the acid liquid may be pressed 

mai'ked turbidity, for the sulphate of barluui upwards, and flow away over the edge of the 

lornied is liable to attach itaelf to the pi'eelpi- beaker, oi' through a hole pierced in its side 

tated copper, and either vitiate the aiiaJyias, near the top. When all the acid has thus been 

or necessitate a double weighing of the product, washed away diseonnrct the battei-y, and wash 

It is important not to dit>connect the battery the copper with water and alcohol in the usual 

before the precipitated copper has been re- way. Copper may thus be precipitated com- 

muved from the acidliquid in tlie small beaker, pletely, us a bard, firm, glistening coating 

lest some of it be dissolved by the tree nitric upon cite platinum, even h'om solutions which 

acidthure. Thebattery should be disconnected contain comparatively lai^ quantities of it. 

at tlie moment when the copper is iuinicrsed in {Zeilxali, aiaiiyt. Chem., 18(i9, 8. 37.) 
the lieaker of hot water. Several other proposals to estiiuate copper 

In order that tlie process may succeed with by galvanic precipitation have been made of 

rich copper ores, some slight mudilication of late yeai-s — t^i say nothing of the old experi- 

the Ibregoing process is requii'ed. Tiie ful- muiiLs o! t'ischLi'. Thus Gibbs {American 
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Joum. Sci., 1866, 39. 64) liae eliown that cop- which the latter is coiiveited at the positire 

per maybe attui-iUely estimated in tliia way pok ot the lattin rjpidly lets upin tijjir 

in soluiions of the sulphate; — llie depotitioii m pit enn, of a tieL acid To aiou! thii 1 fh 

bulng miitle upon a platjnuiii capsule mlikh tultj Li,coq (Ilil, 1W9 p So) diitctn that 

tonus the negativn ulucti'oile of a iSnnsuni the appintuB be arrangedin suth mmtift thit 

battery of one or two veils in rather feiible ac the Loppek maj be futd ti-oui tie tiijuil ni 

tioii, and tlie eurrenl being lo regulated that the rapidly an possible without interruption o( tl c 

cupper may be iiretipitated as a compact gaiTami. cuirent At the ilose of the jiiidpi 

bright coating. The jwsitive electrode, con- tation he draws off the liqu d Ihrni^li i 

listed of a stout platinum wire plunged into siphon takingcira to push down the potiCite 

the surface of the copper solution at its centre elcLtnide meanwhile, so that it mat 'khiinit 

The time required for tlie precipitation varied touth the bottom of the iilatinuiii crmihli, 

from I to 3 hours. which forms the negati\e ele<.trodi. m cidtr 

So, too, Luckow, in 1865, {Dinger's poly- that the turrtnt may not be mlorruptcd buc 

tech. Jnvrn., 177. 296), insiBted on the merit of CBswve quantities ot d lute sulphurn, cid arc 

the process as applied to sulphuric acid soiu then pound upon the metal witliout inter 

tions of copper ores, ualts and alloya. At a ruptmg the current until the mother liquor 

later date Luckow (see Zeilsch. analyt. Chem., hu, been Lompletelv removed The washing 

186!), 8. 23) extended his process to the analy i^ then finished with hot water Bj operating 

sisofnilrieacid solutionsof copper. He found in this wa\ aicuraW risults maj be obtain t t 

tliat even a comparatively feeble galvanic cur unless a vtr^ lai'gt. excess of f(.rrie silt is 

rent is competent to precipitate the whole of prevent But ^inte tlie loss of copper is pro 

the copper m escellent condition, from solu portional to the amount of feme, salt -nhtu 

tions which contain no more free nitric acid the othtr conditions of the experiment nmtin 

than 0.1 grm. to the c. c. The precipitation unchanged, it is jiOBBible to dLteriuinc tins j)ro 

goes on regularly and easily, and Is far leas portion once for all, and to ajiply a correction 

influenced by the strength of tlic current than for it. Lccoq uaes 6 of Bunsen^ elements, of 

by the presence of free sulphuric acid in the medinin Riie and weakly charged, as the source 

solution. — The process has great merit, in- of tlio galvanic current, and allowa the latter 

asmueh as it admits of the previous easy sep- to act durliu; 4 or S hou s In p es c of 

aration of tinand antimony, as Uxided, and of Dickel, eadimuin and xia (but part 1 j ot 

silver as chloride, as has been explained in a nickel), only a weak curr nt si oul 1 bb u 

firevtous paragraph. Even the presence of tained, lest trat. s of the fo'eig metal he p 

end does no harm, tinee in a soludoit which cipitated witli the o[ per £ut the kel r 

contains free nitric acid the action of the gal- other metal thus p ec p tated can alwa s 1 e 

Tanic current will cause all the lead to be pre- readily removed by vashi g w th ac 1 he 

cipitated in the form of peroxide, at the pusi- manner just descr b I tl e a t on of h 

tive pole of the batteiy, white the copper is syphon being m ely ade nte n t nt 
attaching itself to the negative pole. Of tlie 

various luetais likely to occur with copper it A limple method of prec p tat ng opperly 

may be said that tUoae of the alkalies, alka- galvanic action was ds se I by U I^ e 

line earths and earths, as well as ehromium, i866 (see Joum. pi-akl. them., 102. 4/i, 

iron, cobalt, nickel and zinc, will not be thrown and more tiiily in Zeilsch. analyt. Chcm., 1868, 

downbv the galvanic current fi-oui acid solu- 7.4*2). He proceeds asfollows; — Bindapieie 

tions; that mercury, silver, and bismuth will of moist bladder tightly over one end of agkfs 

be precipitated like copper, and that lead and tube about 10 c. lu. long and 14 m. m. wide ; 

manganese will bo completely precipitated at fill tlio tube five-sixths fiill of a saturated solu- 

the positive pole, as peroxides. Silver also, in liou of chloride of sodium, and close its open 

part, will go down us a peroxide, lu ease a end loosely with a cork through which a strij) 

mixture of copper and wurcury is operated of zinc, which has been rolled into the form of 

upon, the mercury \m\ be precipitated before aeyliniieraboutO.Sin. m. in diameter, is miide 

the copper, in the form of liquid drops, and to pass in such wise that it can bo slipped up 

an amalgam of cupper and mercury will form and down at will. At the upper cn<l of tlie 

as Booii as any copper is precipitated. Silver cylinder the atrip of zinc is left flat, and some 

and copper are precipitated well nigh simulta- 4 or 5 m. m. broad ; this flat strip, which nerves 

neously, hut bismutJi only aiier most of the as a conductor, is attached to a strip of jjiati- 

copper has been deposited. Arsenic and anti- uum foil of similar width. — Tlie copper 

moiiy are prucipitHted from a nitric acid solu- solution to be analyzed is placed in a iiiati- 

tion, only long aller all the copper has gone nui'n capsule of from 35 to 40 c. c. capacity, 

down. This capsule is placed ou a wet pane of glass 

Acconling to Lecoq de Boishaudran (Soc. upon the strip of platinum with which the zinc 

Chim. lie I'arm, 1H67, p. 4GM), the process of is connected, the bladder end ol' the tube is 

precipitating copper by means of the galvanic sunk a little below the surtace of the liquid in 

current, is rendered less exact by th« presence the capsule, and tlie tube is clamped firmly In 

of sulphate of iron, for the ferric salt into that position. The zinc cylinder is tiieii im- 
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merseil to n deptli of 1 c. m. in tlie poUition of the criic-ible or the boat. Instead of a pepfo- 

chloride of sodium. The pui*pose of the wet rated cover for the cruoilile. the bowl of an or- 

glasK lieneaih tlie eapsuls ib to ensure a con- dinary tobnceo pl[ie may lie inverted in or upon 

necljon between th^ platinum of tlie eapnule the porcelain crucible, and the hydrogen passed 

and the strip The copper is deposited upon through the stem of the pipe (Allen), 
the inside ot the capsule, and thi^only care lobe Where a small quantity ot oxide of roppur 

taken is to avoid a eniTent strong enough to oc- has been'eoilected upon a large filter, it is best 

casion any <!Onitiderable development of hydro- to reduce the oxide with hydrogen, as above, 

sen, tor in that erent the eopper would tie but after burning the filter. There will always be 

UMseiv attacheil to the platiimn*. No trouble a coiisiderHble loss of material if the oxide be 

of this sort will be experienced if the zinc is nKnsteoed with nitric ac-id. and then ignited 

merely touched to the solution of salt in the for the purpose of re-oxidizing the copper 

I>^nnin)r, and afterwards gradually immersed which has been reduced liy the combustion of 

more deeply, from time to time, as occasion the filter. ^ In theanalrais of certain cya- 

mav require. ' nides of copper it is not sufficient to heat the 

The platinum capsule should be clean and compound in hydragen, since aquantity of cai^ 

have bi«n recently ignited, and the solution to bon oi' nitrogen, amounting to about 3 per 

he analyzei! should be so dilute that it con- centof the weight of tlie residue, remiuns mixed 

tains no more than from 0.1 to 0.15 grm. of or combined with the copper. To remove this 

copper for a capsule of the dimensions above ilnpurity the copper may be heated alternately 

given. The copper should be in the form of a in oxygen and hydrogen, until the weight of 

sulphate, and the solution should be acidulated the metal remains constant. (Reischauer, 

to sueti an extent that it. mav contain about Zeiltch. analyl. Ckem,, 1S64, 3. 139.) 
1 e. c. of free sulphuric acid for every 30 c. c. Prhiciple III. Power of reducing lerric salts, 

of solution. In case the proportion of copper (Compai'e din Oxide of Copper.) 
in the substance to he analyzed is totally un- App/ieali/m. Estimation of metallic copper 

known, it is best to dilute the solution to a de- by titration, instead of by directly weighing it. 
termined volume, to measure out a, small quan- Melhod, Iti order that copper may be accU- 

tity of the diluted sohition and to add water to I'ately estimated in this way, it must have been 

this portion until it has a volume of 30 o. c. precipitated by absolutely pure zinc, in the 

Wth an apparatus of the size deacri.beU the first pla*!e, and afterwar<ls digested with dilute 
copper will usually all be precipitated in the sulphuric acid, until the last traces of the pre- 
course of 4 or 5 hours. The copper is careful- cipitant have been di'^oived. Four upon the 
ly washed, first with water, then with alcohol, washed hut still moist sjiongy copper a quan- 
to remove the water, dried and weighed. If tity of a solution of ferric chloride, fi'ee from 
arsenic be present, it will be deposited In black any (contamination of ferrous s:ilt, and acidu- 
strips after a p.irt of the copper has been pre- late the mixture with uhlorhydric acid. The 
cipitated. In case zinc (orcobalt, nickel, iron, copper will dissolve speedily, while a uorre- 
or manganese,) is to be determined, as well as sponding quantity of the feme chloride is re- 
copper, a cylinder of cadmium or of aluminum duced to the condition of ferrous chloride: — 
may be placed in the chloride of sodium instead CD + uF>cis = CuCii + M'tci. 
of the cylinder of zinc. When cadmium is thus When the copper has all dissolved, dilute 
used it IS not easy to employ sulphuretted hy- the liquid, and determine how much of the fer- 
drogen to test whetlier all the copper has been rous sidt lias been formed, hy titrating with 
precipitated; but by leaving the apparatus in permanganate of potassium. Every 56 parts, 
action tor a couple of hours after copper has by weight of iron found, correspond to 31.7 
ceased to be deposited on a fine needle placed parts of copper. (Fleitmann, Annaten Chem. 
in the solution, there will be no risk of leav- und Phanii., 88. 141). 
in^any copper unprecipitaled. If it were only possible to obtain pure zinc 

i^nciple II. itixity of when heated in hy- readily and cheaply, this process would have a 

driven gas. certain value in cases where a large number 

App&t^'umt. Purification of precipitated of analyses have to be made simultaneously, 

cupper. Estimation of coppw in miztui'es of It has of course no signiticanue in the case 

oxide of e<^()i!r and metallic copper. wht-re only a single determination is to be 

MelkmL Place the substance in a porcelain made. Were it not for the sake of saving 

crucible, provided with a perforated cover, con- time it would always be best tD weigh the cop- 

diict a stream of dry hydrogen gas into the cru- per clirectly. 

cible and heat the latter with a lamp. .Aftera Properlu;/. Copper fuses only at a white 
while remove the lamp, and let the contents of heat. ISolid cop^wr suffers no change in dry 
the crucible cool in tlie atmosphere of hydrogen, air, or in moist air free from carbonic acid, but 
Or, instead of the crucible, put the substance gradually tiiriiishea in moist air which con- 
to be reduced in a porceMn boat, and place tains uarboniu acid. Finely divided copper, 
the latter in a tube through which hydrogen such &s is obtained by precipitation, oxidizes 
m^y be conducted. In some few cases a bulb rather quickly in moist air. especially when 
tube of hard glass may be better than either -tile air is wuiiii. When ignited in the air a 
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laj-ar of blaclt oxide forma upon the surface of 
the metal. Co]>por iliasoWea easily in nitric 
acid, and in liot, atronft sulpliurii: acid. But 
in (ihlorhydrio auid nnil in dilute cold sulphu- 
ric auiil it dissolves so albi ly th t 't h ft 
been said to be insolubl th 1 q d 

Aceording to Mohr (7'ili -i hen/ 18S5 1 
204), preoipitftted copper d 1 1 wlj 

dilute clilorhydrii, and sulph d w 1 

reduction of the latter to s !pl la d ITi 
artlon IS aufliritntli rapid tl t th 1 fi 
will give a du^tiuct re"Lti f pp w th 

, autpliuretltid hjrtuiiijen, te m t afte tl 
addition of the icid For 1 b t f 

expei-iments on thi, action f hi hjd d 

upon solid metallic copper, t f t t w h 
the air see Lcewe, Zettscli. anaiyt. Chem., 
1865, 4. SGI. Ltewe finds that while solid 
metallic copper is undoubtedly poluble to- a cer- 
tain extent, the action of the clilorhydric acid, 
out of oontaet widi the air, is well nigh insig- 
nificant, un!ess it is concentrated. In prapoiv 
tion as the acid is moi-e dilute, so much the 
less does it aet upon the copper. Copper dis- 
solves slowly in ammonia water if air be fteely 
admitted to it, but out of contact Wth the air 
ammonia has no solvent action upon it. When 
brought in contact with an ammoniacal aolu- 
tl<)n of a copper salt, or with a solution of 
chloride of copper in chloi'hydric acid, out of 
contact with the air, metallic copper reduces 
the Guprio salts in thcae solutiona to the state 
of cupreoua aalta, which rumain dissolved in the 
ammonia, or in the ehlorlivdrio acid, as tlie 
caae may be. Copper dissolves with eonsider- 
able facility in solutions of ferric salts, espec- 
laiLv ivlien a free acid is present. 

For the use of copper as a reaffeni m o:«aiiic 
analysis, sue under Carbon, p. 64. When 
pure cojjper is required for other purposes, as 
for the ludireet assay of copper, described un- 
der Copper Salts, ot that ol uim, described un- 
der Ferric Salts, it is best to precipitate a 
quantity of the metal from a solution of the 
Bulphate upon a cliian iron plate. The precip- 
itated copper ia then boiled with chlorhjdrio 
acid, to remove the last traces of iron, washed 
dried, fused, oast into bars and rolled into thin 
fheeta (Fuchs). Japanese copper, as found in 
commeree, is often pure enouf,h for ai aijt cal 
pui-posBS. — The follow ng testa w 11 slio 
whether the copper is pure enough to use — It 
must dissolve completely in t c at d nd no 
triLce of a precipitate of' the hydrates of on 
lead, etc., must be left, even af er lung ont n 
ued standing, when the so1 tion s satu ated 
with ammonia water. Nei he should any i o- 
ciiiitate of chlorideoJ'silveiappear h n hlo 
Ijydric acid is added to the sol t on d lute 
nitric acid. After all the coppe has b en 
thrown down with sulphui-ettod hjdrt^cn tie 
filtrate (should leave no residu on vaj o at on 

Copper Salts. 

Pni,ciple. Oxidizing po f 

Ajijiliralions. Estimatio of pl a s I s 



and alloys. Assay of copper ores. Separi 
tion of copper from Fe, Mn, Zn, Co, Ni an<l vj 
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other metals. 




Methods. 
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igen are formed, and the latter, acting upon 
free ammonia, gives urea, cyanide of am- 
(lium ancl formiate of ammaniam. 
A. Paries's capper test. To preparethe 
standard sclutiou of cyanide of potaaiium pro- 
ceed as follows: — DiEeolve 2000 grains of pho- 
tographer's cyanide of potassium, or about 
3SS0 gi'aina.ol the ordinary cyanide, in 4 pints 
of water. On the other hand clean some pure 
electrotype copper, by means of chlorhydric, 
or dilute nitnc acid, and wash and dry it- 
Weigh out three _piecea of the copper, each cyf 
from Q to 10 grains. Dissolve Ihem in sepa- 
rate pint flasks, in dilute nitric acid and boil 
the liquids to expel niti'ous fames. Dilute 
each ot the solutions with water to the volumu 
of about half a pint, superaatm'atc them with 
ammonia water, and allow tliem to stand until 
cold. Fill a Mohr's burette with the solution 
of in-anide of potassium, and allow the latter 
to flow, little by little, into one of the flasks 
until the blue color of the copper solution is 
almost discharged and is replaced by a faint 
lilae tint. iNotu tlie number of c. e. of tlie 
cyanide solufion whicli have been expended, 
again fill the burette an(] titrate the liquids in 
the second and in the third flasks in tlie same 
way. Take the mean of the three results as 
the true vaiiie of the tjanlde solution. Or if 
the re-'ults of flie tii-st and second trials ngree 
<duBely it may be unneeepeary to proceed witli 
the third. — The cttvat asnay is ait follow*: 
— i'lace a known weight of the powdered ors 
n i! k b ke ] o ded h ^Ih 
Co and o ten t w th tronj, a Ipl c 
a i Ihen aldtognt ad and d t 
the n X e a 1 hea n I toe 

lume I T \ 1 1 tl 1 n 
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froqiiently. 
anide expeiii 



the residue, if any Ciiere be, sliooH he dissolved rediBsoIred in neid before the titration f.an 

in nitric acid, and added to the main solution, be procpeded with. — Accordinsr to Fiold 

If any difficulty is expeHenced in (iiss'oMntr tlie (Chemical News, IB, 258),raar<ian(;seiEterfere8 

basic aulphntee formed, some chlorhydric neid in tlie contrary st^nse; li'ss than tlie normal 

may he added witli advantage. — To the quantity of cyanide of potaBS'iiini heing suffi- 

diluted flolutionof theoi'e aduan excess of am- tient to effect the deeoloralion ivhcn it is prt'fi- 

monia water, and let the solution stand nntil it ent. The manfraneee can be got rid of hyadd- 

is as. cold as the air of the apartment. Then, ing carbonate of ammonium and a feiv di-o]>s of 

without heeding the precipitated hydrate of Bromine, and heating the solution. Arsenic 

iron whieh may be present, pour in the stan- does not interfere, except when present with 

dard solution of the cyanide from a burette, iron. In tliat event arsimiate of iron dissolves 

ji^adiially and cautiously, by small portions, un- in the ammonia, and, in the presence of cop]5er, 

til the blue color is nearly discharged, and ibrma a brownish green solution. This diffi- 

thore remains only a faint lilac tint. Take culty can be easily remedied by adding some 

_.._ Lwhile, to shake the copper solution solution of sulphateofmagnesinm; arser.iiite of 

Read off the numherof c. c. of ey- magnesium is Ibi'med, and the solution, after 

e expended, and calculate, from the known the lapse of a few minutes, acquires Ihu proper 

value of tJiat solution, how much copper was color. The assay can then he made mtliout 

contained in the sample. ^ Fi-om one-half filtration, in the usual way. 
to three-nu»rt«r8 of an honr will be required for TTie standard solution of cyanide of potas'i 

the complete decolorizaiJon of the solution, ac- um should bo kept in bottles of green ^.lass 

coi-ding as more or lew copper is present. The* since lead glass is rather easily acted upon by 

cyanide being added very slowly, especially the solution. ' Even the green glas« is slowlv 

towai'ds the end of the process, the last tint acted upon, a thin scaly deposit lieing foi med 

should remain pennanunt, or nearly so, for The cyanide Solution, moreover, slowli dteoni 

about 10 minutes. To aid in recognizing the poses on keeping. Tliis circnmstance is not of 

tint of the solution, ft white gtaeed tile, or piece any material consequence where many assays 

of white paper, should be paced beneath and ai*e to be made, for considerable time is re- 

behind the flask during the titration. quired to make any decided ttltei-ation in the 

When sesqui-oxide of iron is present, it im- strength of the solution. For prnctital pur- 
parts a greenish appearance to the ammoniacai poses the standaixl solution will not require to 
solution, and the proper tint of the solution is be checked oftenei than once a wi'ek, if it has 
then best observed by placing the eye on a been prepared from the best cyanide of potas- 
level with the top of the liquid; after a littie siam. A solution prepared from common cya- 
practlce the alteration in the tint of the oxide nide of notassium can only be kept foi' a hvr 
ofiTOn, which occurs will afford a sufficient in- days without becoming discolored and muddy, 
dication until near completion, the reddish but when the solution is rapidly consumed after 
brown color becoming' more' distinct as the having been standardized, it answeiB very well 
assay is proceeded with. It will not do to re- for assay purposes. (Parkes, Minmg Journal, 
move the hydrate of iron by filtration before 1851; through Percy's ATe/oUufY/y.) — The 
adding any of the cyanide, fbr the iron pre- process has been extensively used, pailjcularly 
cipitale would then letain a portion of the cop- Jbr assaying oreswhich consist chiefly of oxides, 
per solution widi such tenacity that it could carbonates, silicates and oxychlorides, and for 
not all be removed, either by ammonia or bv assaying slags; in general, it has proved to be 
several hours' washing with boiling water, but if 'well adapted fbr assaying copper ores. Like 
any difficulty is experienced in observing the all otiier inethoils, it requires experience to be 
tint towards the eoinpietioD of the titration, the skilfully conducted; but that it is capable of 
iron precipitate may then be removed by fil- yielding correct results, within 0.1 or 0.2 par 
tration without risk of losing much copper, cunt, has been fully proved by some thousands 
When ihe assay is finished, the hydrate of iron of iissiiys made by vainous persons. Home dif- 
is completely free from copper, since that ficuitius will alwa™ he met with in taking up 
which waa retained at first gradually goes into any new process, but no process slmuld be eon- 
solution as the decolorization proceeds. The demiieil by an operator, becaufie lu^ fails to suc- 
iroii 'thus freed from copper may be eetimated cced in liisfu^t trials (I'ercy, ileiallurgy, 1861, 
by means of biChromatw or Permanganate of p- 47H). 
Potassium (see Ferric Salts). 'The process is improperly credited to C. 

Curtain metals, suuh as silver, nickel, co- iUohr in some German treatises. (See Ft'eKen;"- 

balt and zinc, interfere with the titration, more wi' <iaant. Antd,; Mdlir's TUrinnelhode, 1856, 

of the cyanide of potassium being then required 2. 91, awl Aniialen Chem. avd Phann., 94:. 

to decolorize the copper solution. Silver may IWS.) Majolut (Annales des Mine.!, 1862, 2. 

be precipitated with chiprhydrie acid, and re- 313, and iHiigler's jmlyteck. Joam., 168. 217) 

moved by filtration from the original acid liij- also describes the jirocess as if he (F.) were 

uor; hut when cobiilt, nickel or zinc are prcs- its discoverei'. 

cut., Uic cop];er must first be jU'ecipitated, either Renewed attention haarecently been called to 

as Copper, or as Sulphide of Copper, and the process by Steinbeck, to whom a premium 
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coppf;h salts. 



has been awarded by the directors of the Mans- 
feld copper mines. 

Hieinbecl^s method of pioeeihii'eiaaa follows; 
— 5 priiia. of the ore are treated as described 
under Copper, and the pretipitated copper is 
waited. The spongy metallic copper, some of 
which inav still be adhering to. the platinum 
foil, is then diasolvuil in moilerately warm di- 
luted nitric acid, prepared by mixing equal 
bulks of wat«r and pure nitric aeid of 1.2 sp. 
gr. For copper ores which tontflin no more 
than 6 percent of copper, 8 a. c. of the diluted 
acid will be sufficient, but for ores riuher than 
6 per cent 16 c. c. of the acid should be taken. 
Alter a little practice the operator can judge 



copper is allowed to cooi, is then mixed with 
10 c. e. oi' a solution of ammonia, prepared by 
mixing one volume of ammonia water of 0.93 
sp. gr. with 2 volumes ol' water, and is finally 
titrated with a standard solution of cyanide of 
potassium, of such strength that I c. c. of itcor- 
rcBponds to 0.005 grm. ol' copper, until the blue 
color disappears. ^ In the case of ores of 
more than 6 pef cent copper where 10 c. c. of 
tile diluted nitric acid ni-e used, dilute the solu- 
tion to the volume of 100 c. c. divide it into 
two portions each of 50 c. c, add to each por- 
tion 10 c. c. of the BDimonia water, above de- 
scribed, and proceed with the titration. The 
small amount of lead witli which tlie copper is 
contaminated, deriveii trom the impure zinc 
employed as tJie precipitant, does no harm. It 
is precipitated as a hydrate on the addition of 
the amnionia, and unparts a slight milkituisa to 
the liquid. The presence ol* siniUI qwinlitieB 
of zinc (less than 5 per centof the copper pres- 
ent) does Botinterlere with the iiisibilily of the 
point of decoloration, but any larger proportion 
of zinc than 5 per cent should be excluded by 
carefully w.ishing the precipitated copper. The 
solutions to be titrated must neier be warm; 
they should always be allowed to acquire the 
temperature of the laborHtory. 

The standard solution of cyanide of potasei- 
mu is made of such strength that 1 c. e. shall 
correspond Co 0.005 grm. of copper. Sinee t> 
grms. of substance are taken tor au analysis, 
1 o. c. will eonsequently represent 0.1 percent 
of copper in accordance with the proportion. 
«:0,«o..ioG .ip<-fl.i) 

Tlie number of e. c. of the cyanide solution 
expended in destroying the blue color of the 
copper solution multiplied by 0.1 will conse- 
quently give the percentage of copper in tlie 
sample. In works where many assays have to 
be inade daily, new quantities of the cyanide 
solution must be standardized so olten that no 
trouble is expei'ienced fi'Om alteration of the 
liquid. It will be enough if the standard be 
checked each week. Starting with the pow- 
dered ore S assays can be made in this way 
within 1 hours, or 20 assays in a working day 
of 1 1-2 hours. (Stienbeck, Zeitsch. analyt. 



Chem., 1863, 8. 13; Chemical Nms, 1869, 19. 
207). 

ITie chief merit of Steinbeck's process seems 
to consist in the metiiodical and systematic way 
in which the nitric acid and ammonia are era- 
ployed. It liad been shown long ^o by Liebig 
(Annalen Chem. und Phantt., 96. 118), that 
Uie quantity and degree of concentration of the 
ammonia emp'oyod has a marked influence 
upon the character of the reaction between the 
cyanide of potassium and the topper salt. Ex- 
]H!riments of Fresenius had also sliown that neu- 
tral salts of ammonium could interfere to a cer- 
tain extent with the reaction. But by opera- 
ting always with similar quantities of aramoni- 
acal compounds, for any one kind of ore, these 
sources of inaccuracy are practically eliminated. 
The idea of precipitating the metallic copper 
by means of commercial zinc is an excellent 
one; ii follows naturally from the observation 
of Field that the presence of metallic lead does 
not interl'ere with the conduct of Farkes's pro- 

Fleck's mollification. Instead of ni 
the acid solution of copper witli ami 
ter, as directed by Partes, Fleck ( 
Ceiilralblall, 1859, j>. 1313) i 
sesqui carbon ate of ammonium (I to 10), and 
heats the mixture to about BO™; and in order 
to make the end reaction plainer, ha adds a 
coaple of drops of a solution of ferrocyaalde of 
potassium (1 to 20). Heither the bW color 



sutralizing 
leek (Polytech. 



IS ot' the eoppei' solution is al- 
The cyanide solution 



the cleaint 
tered by tliis additic 

is standardized agaiast a copper solution of 
known strength. On droppingthe cyanide so- 
lution into the blue copper solution warmed to- 
60", the oiior of cyanogen is pemeptible, andi 
the color gradually di^iappears. When die am- 
mimio-copper eotutwuBd. is destroyed, the solu- 
tion beeomes I'vd through the Ibruation of fer- 
rocyanide of eopper, though no precipitate 
falls, and with tSe addition of the final di-op of 
cyanide of potassium this red celor vanishes ioi 
its turn, and ihe liqiud is left cwnpletely color- 
less. ^ The process is convcBicat, and ap- 
pears to be an improvement upon that of 
tavkes. According to Fresenius, the presene* 
of amwoniuin salts may exert a certain dis- 
turbisg influence, ns in Farkes's method. Hence 
the standardizing of the cyanide and the aclnal 
assay, should be per&nued nnder circumstances 
as nearly similar as the^ can be made. 

C.Mohr's taelhod o_f e^limaling Cyanogen is 
the converse of Parkes' copper assay, the am- 
inoniacal solution of a cyanide being titrated 
w.th a standard solution ofaeoppei' salt, until a 
persistent blue color pervades tlie liquid. The 
cyanide solution is placed in a poi'celain disli, 
and is stirred continuously during the titration. 
Bach drop of the copper solution gives a deep 
blue color at the point where it touches the ani- 
moniacal cyanide, but this color disappears on 
stirring so long as there is any of the c)'anide 
iell undecomposed ; the disappearance of the 
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color is immeiliate at first, bat becomes more 1 molecule of grape-sugar (CjH,jOa) ^ 180 

Rradual towards the clow. (0. Mohr, Anna- reduces 5 molecules of oxide of copper (CuO) 

len Chem. vnd Phana. 94. 198, and 95. 1 10; — ^ 397, Or 100 pnrt« by weight <it anhydrona 

MoLr's TilrirmeAmle, 1856, 2. 8). For cer- grape-Bu«ir correspond to 220.6 parts of cu- 

taiu d^rees of (ioncenti'atioti and quantities of pric oxide. Hence if the quantity of copper 

ammonia the process ^ves correct results; but salt redaced be knovrn, the quantity of grapO' 

under difteront circumstances, as regards the sugar required lo reduce ii may i e readily cal- 

amount and strength of the ammonia, a dilfer' culated. Milk-iu^ar reduces ti.e solution of 

ent quantity of the copper salt will be reijuircd the copper salt directly, but in a (lilfurent pro- 

for the same miantityof cyanhydrieaeid (Lie- portion from grape-sugar; — where oneequiva- 

big, Annalen Chem. und P/tanu. (96- 118). lent of the latter reduces 10 equivalents of 

2. Reihtclion of the r.opper sail by Grape' oxide of copper, 1 equivalent ot milk-Rugav 

sugar. When the solution of a copper fait is will reiiuce only 7 or 8 equivalents. It is wst 

mixed with a sufficient quantity of tartrate of therefore to convert milk-sugar to grape-sugar 

potassium or tartrate of sodium, and an excess by boiling the solution for an hour or so wiih 

of caustic soda, a deep blue clear solution is a li'tie sulphuric acid, before subjecting it to 

produce !. If this solution be then warmed and analysis. 

mixed with a sufficient quantity of grape-sugar, Ftrxt melhod (applicable to clear solutions). 

the whole of the copjier will ba thrown down To prepare the standard solution of copper, 

afler a short dmu in the form of dinoxide. grind some fresh crystals of pure sulphate of 

The principle is applied both to the estimation copper to powder, dry the powder by pressing 

ol' copper and of sugar, as'will appear below. it oetween .bids of filter p-.iper until the parti- 

A. Sehioarz'n copper tell. Dissolve the ore cles of the powder no longer cling to ihe paper, 
or alloy to be tested in nitric acid, or if the weigh out exactly 84.639 gruis. of the powder, 
substance to he anslvzed is a salt, dissolve it in ana dissolve it in about 200 c. c. of water. 
water. Mix ttie cold solution with a solution Dissolve in another vessel J 73 grais. of pure 
of normal tartrate of potassium in a capacious crvsCallized Rochello salt in 480 c. c. of a pure 
porcelain diHh, and add an exciss of caustic solution of causljc so<la of 1.14 sp. gr. Add 
soda or caustic potash. Mix the dark blue the first solution gradually to llic second, tak- 
liquid witli a suflieient quantity of a solution of ing care to wash out the last poi-tjons of it, 
grape-sugar or milk-sugar, and Iieat tlie mix- and dilute tlie blue mixture to the volume of 1 
ture on a water bath until the liquid shows a litre. 10 c. c. of this solution contain 0.34039 
brown color on the border, which is a sign that groi. of sulphate of copper, and correspond to , 
the whole of tlie copper is precipitated, an<l 0.0a grin, of anhydrous grape-sugar. Tlie 
that the alkali begins to act upon the sugar solution should be Kept in a cool, dark place in 
with (brmation of brown-colorcil products, tightly stoppered bottles filled to the top; tor 
When the precipitatehassubsided, filter. The by the action of light, or the absorption of 
filtrate is, in most cases, of a decpbrowocolor, carbonic acid from the air, tite solution 
and shows a muddy yellowish layer at the might be changed to such an extent that it 
point of contact with the wash water. But would deposit dinoxide of copper on being 
this turbidity disapp.tars on stirring the liquid, ' 
and is not clue to the presenoi.' of coj^r. 
Wash the dinoxide of copper with hot water, tlon, the copper solution will reiniun unaltered, 
until the washings are perlectiy colorless; but even when strongly boiled; it is only on the 
leave in the dish any particles of the pvecini- addition of grape-sugar that any dinoxide of 
tate which may (irmly adhere to it. t^inally copper ia pi-ecipitated. Before using the sola- 
estimate thecopper by meansofatbrric salt, as tion it should be tested as follows: — Mix 10 
explained under dinOxide of Ci)|ipwr. c. c. of the solution with 40 c. c. of water, or 

B. Fehling's method of estiaw^ing -Sugar. Two with a dilute solution of caustic soda, if there 
general methods for estimating sugar depend is reason lo believe that the liquid has absorbed 
upon the principle now in question, ^ither carbonic acid, and boil the mixture for some 
there may be ailded to a solution of copper of minutes; in case even the smallest quantity of 
known strength the exact quantity of grape- dinoxide of copper separates out in this exper- 
sugar re<juired to reduce tlie whole of the CJp- inient, the solution is unfit for use. ^ Hie 
per salt to the state of <iinoxide; or the copper solution of sugar to bo tested must be highly 
solution may be added in excels, and the dilute; it shomd contain no moi-e than 0,5 per 
amountofdinoxido whicbseuaratesdeCermincd. cent of sugar. In case the first experiment 
The former method is, usually employed when shows that the sugar solution is too strong, 
practicable; the latter being resorted to when- dilute it with a delmife quantity of water, ami 
ever the liquid to be tested is so dark-colore'I repeat the triaL 

that it would be difficult todeterminetho point For the actual analijm measure 10 c. c. of 

at which the reduction of tlic copper salt and the cupper solution, irota a pipette or burette, 

precipitation of the dinoxide is accompli shed. into a small flask or porcelain dish, add 40 c.c. 

The quantity of copper salt reduced is piu- of w.iter, or of a very dilute solution of soda, 

portional to that of the grape-sugar added — in case water should make the* solution turbid, 
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^14 COPPEtt SALTS. 

lieat the raixturo until it boila gently, and let reduco the whole of the copper salt, and heat 
the sugar polut;on flow in slowly, and by small the mixture for abont ten minutea on a wnter 
port Oil' friim h, bmcttc, iliviiitd to tenth' of bath. Wlien the ruduution is complete, ivasli 
V. V 'y '• ' |i ' ' ■ 111 \'iih't a greenish-brown tlie dinOxide of Copper by lieeantation with 
tint it* I I ' I I rhi' first tew dmpa of hoiling water, pass the decanted hqunra 
the 1, II i> the siiBpen>.ion of throuf;ii a neighed filter, then transfer the 
pirini L .idu and yulion hy- prreipitate to the filter, dry at 100° and weiah, 
drnteii i{ I - I M 1 1. I .uL- liquor. In propur- Or rieleriniiie the topper by one of the volu- 
tion at. niu;(; suf;.u- is added, the iireeipitato jiietnc methoda, depending upon the reduction 
lieuoraes Isrger, acquires a rediier tint, and of ferric ehloride, as explained nnderdinOxide 
aubsides more speedily. When the pi-ecipitate of Copper. — It is important to wash the 
p.-esenti a deep red color, remove the lamp, dinoxido in the manner above described, for 
allow the mixture to settle a little, and place if the liquid were allowed to eool in conta(t 
the fli=k oa white paper; or, in case a porce- with the precipitate, the latter woulil gradually 
lam difh has been employed, set it in an in- rodiRsolve in proporliou as it absorbed oxygen 
clincd position, pn th it tlie fiiiiiett tint uf from the atmosphere and chungeil to cuprio 

bluish green in I) i I T mil i. iixide (FehUu^, A nnaleii 0/iem und Pliamx , 

sure that the pi ' i, , i 72. 106, ami 106, 75; Neubauor, AivUb. 

small purtion u( i i i Pliai-m., (2) 72 278). 

into a tt-Bt tubt, .1 III i li [ i ili - u - u The foregoing iiieliiods may be applied im- 
tion, andheiit tlic LiiljL. A n'noMifli iliI pu- mediately to the estimation of sugar in the 
cipitate will form li thu ImsL tiauc ol the juice of gi'apes, apples, and other fruit", after 
copper salt has been leil: undeebinposed. In tlie liquiH has been properly diluted. So also 
caae any precipitate does fonn, pour the con- to brewer's won, the filtrate from distiller'a 
t«nte of the test tube back into the dish or uifish and to diahetie urini!. The other sub- 
flask, and continue to add the solution of sugar stances besiilets sugar contained in these liquids 
until t!ie reaction is complete. The volume of generally exert no perceptible reducing action 
the solution of sugar which has been expended upon the copper salt. In case tliere is reason 
contains 0.0& grill, of anhydrous jrrape-eugar; to apprehiinil the presence of any reducing 

When the prucipitatioii is finished it is well .agent, bceide sugar, mix the liquid in a measur- 

to try whetlier the operiilion has been a thor- ing flask with a solution of acetate of lead, un- 

oughiy successful one, tliat ia to say, whether til the foreign matters are precipitated, then 

■ tile solution ia reaiiy free from copper, sugar, dilute with water t« the mark, let the mixture 

and biH)wn products of the decomposition of settle, filter through a dry filter, and estimate 

sugar. To this end filter olf a portion of the the sugar in the filtrate (Fehliug). In case 

liquid while itia still hot, and heat soiue of the the amount of grape-sugar in fermented liquids 

filtrate witli a drop of the copper solution, and is to be determined with the greatest possible 

some of it with a little of the sugar solution; accuracy, the ibregoina; process of purification 

tealfti. n_wih u„ dfytle should be resorted to in order to remove a re- 

1 q 1 d Id Ij h t d h d gt^ Hie ducin^ substance known as glucic acid (Gra^ 

fil t t It h 11 dl Iron ham & otliere, /ourn. iondon Chem. 'Soc, 6. 

thi fbwlty saof 233), which accompanies the sugar in such 

ppe u i dlytlsetlstle liquids. — To clarify dark colored vegeta- 

[)e t h Id b p 1 E pt n ble juices, heat a measured quantity of the 
p a(,t i h ds the fi t p t w 11 - liquid just to boilrag; add a ffiw drofe of milk 
ally jield only an appn^ximate result. In the of lime, which will usually pi-oduce a copious 
second experiment take care to add almost the pi-ecipit;at« of albumen, coloring matters, salta 
whole of the sugar solution required, and then of calcium, etc., filter the liquid through bone- 
proceed cautiously to the end, adding only two black, wash the precipitate thoroughly, and 
drops at a time. Bear in mind thatthecopper add the washings to the filtrate. Then dilute 
solution mnst be strongly alkaline from first to the filtrate to 10, IS or 20 times its original 
last. In case the sugar solution is acid add volume (Neubauei'). ^- To determine the 
enough soda to the copper solution to counter- milk-sugar in milk, remove the Casein by add- 
aet the acidity. The process j-ielda very sal> ing acelin acid at the tempei'ature of boiling, 
isfactory results. clarify tiie whey with a little white of ei;^ and 

7'he second method (applicable to colored filter. Boil the filtrate for I hour with a little 

liquors) requires the same solutions as the first. lulphurlc acid, dilute the litjuid to 10 times tJie 

Fur the analysis^ transfer 20 c. c. of the cop- volume of the original milk, and ]iroueed as 

per solution to a porcelain dish, and add to it above. 

SO c. c. of water, or of a highly dilute solution The processes in question apply only to 

of caustic soda. Or perhaps better, take a grape-pugar, fruit-sugar, milk-sugar and glu- 

sciU larger volume of the copper solution, and cose. In case cane-sugar is to he estimated 

dilute it in the same pTOportiou. Add a ineii-s- in tills way, as in the analysis of many vej^eta- 

ured quantity of the dilute solution of sugar ble juices, such as the juice of the siijfar cane, 

to the uontents'of the disli, but uot enough to buct i-out, ui.iple, etc., it must first he changed 
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COPPEll SALTS. 



3. Reduction of the copper saU%y lodi/Ie of 
Potassiwrn. When the solution of a cuprio salt 
IB mixed >rith an excess of & solutioc cu iodide 



of potassium, diniodide of copper and free 
iodine are formed in acoordance with the fol- 
lowing equation:— 

CuSOj + 2K1 - Cul + I +K ^Ob 

Tlie insoluble diniodide of copper is precip- 
itated, but the free iodine rcraains diEsoIved in 
tlie excess of iodide of potassium, and its amount 
may readily be determined By titratjon with 
hyposulphite of sodium, or in any other suitable 
way, as explained' under Iodine.' Eauh atom 
of iodine (=127) found eorresponds to one 
atom of cjopper, ( = 6-S.4). ~ The mjtuai 
analysis may be made as follows: — dissolve 
the uopper compound in julphurio add, best 
to a neutral solution, thouc^h the j)r«sence of a 
moderate excess of fi'ee aulphnric acid 4oeE no 
special harm. Dilute the solution to- some 
definite yoluine in a measurin); flask, to such 
an extent that each 100 e.c. of iiquid may con- 
tain from 1 to 2grmfl. of cnprie oxide. Put 10 
ccof asolutionof iodidcofpotacsium (1 tolO) 
into a large beaker, add 10 c.c. of the copper 
solution, niix the two solutions and proceed 
without delay to estimate the iodine which is 
set free. The cupper solution must not con- 
tain any free nitric or free thlorhydric aeid, 
ferric salts or nitrous acid; and all other sub- 
i>tancea which would decompose iodide of 
potassium, must elsu be earelully excluded. 
]f these rules be stiictly attended to, tolerably 
accurate results may be obtained by the pro- 
cesi, tliQUgh It can hardly be regarded as a 
method of wide applicability. It is commended 
by FreseniuB, and by F. Mohr, (Zeiisch. unatyt. 
Cliim., 1864,3. 139.) as well suited for esti- 
mating' small quatiuBsof uopper. (Da Haen, 
Annaten CAem.tmrf PAan/i., 1854,91. 237.) It 
is important not to leave the mixture oi'cupric 
salt and iodide of potflssluLii standing. The 
titration of the free iodine must be proceeded 
with at once. 

De Haen's method has been recommended 
by E. O. Brown, (Joum. London Chem., Soc., 
1^57, 10. 66), tor esticnating copp«r in itlloys, 
lucli as gnu metal and bronze, ami in those 
varieties of ciimuntrcial copper which contain 
no very large quantities of leail or iron. Ac- 
cordirigto Percy it has been extensively used 
at the Koyai Arsenal, Woolwich, to this end. 
As described by Percv (Metallurgy), the pro- 
cess is as fbilowai—Bissolve 8 or 10 grains of 
the alloy In nitric acid, and boil, to expel nitrous 
acid. Dilute the acid solution with a little 
water, and add carbonate of sodium, until a 
poi-tion of the copper remains precipitated. 
Add an excess of pure acetic acid to ' 



dilute i 



t furthei 



(viriiw 



,t Hiisk, and 
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lilow the salt to dissolve. Then proceed t 
titrate the free iodine with a solution of hy- 
posulphite of sodium. In case iron is present, 
. tlio copper must be precipitated as. Sulphide, 
and the latter redissolved, before the process 
now in question can be employed. _ Ac- 
cording to Mohr, (TitrirmelhrM/e, 1856, 1. 388) 
impurities may be got rid of by supersaturat- 
ing the nitric acid solution with ammonia 
water, liltenng and acidulating the filtrate 
with . chlorhydrio acid, I'he nitrous acid is 
thus changed to nitric acid, which does no 
harm, and the iron precipitated as a hydrate; 
though if much iron he present, soine copper 
will be dragged down by the ferric hydrate, 
and so lost. Fresenius, on the contrary, docs 
not approve of Mohr's 9u0Testion. He could 
not obtain satisfactory resiilts by operating in 
this way, since a solution of nitrate of ammon- 
ium mixed with some chlorhydric acid, will in 
a yery short time begin to liberate iodine from 
soiutioBS of iodide of potassinin. — It will be_ 
obaerved that Brown's luethod of working, 
does away with this objection of Freseiiius. 

For a description of the pi-ocess by Eiiiopler, 
see Jountal prakt. Chem., 105. 183. 

The procens eao be useil in conjunction with 
Chloride of Tin, as follows; —Place a weighed 
quantity of the copper .salt in a flask, dissolve 
it in water acidulated with sulphuric aeid, add 
an excess of a solution of iodide' of potassium, 
and a little thin starch paftc. Shake the flask 
continually, and pour into the blue liquid from 
a burette a standard solution of protoehlorido 
of tin, until the blue color of tlie iodide of 
starch has disappeai-ed. I'he liquid will then 
be whit* and cloudy from separation of subio- 
dide of copper. Note how much of tie chlor- 
ide of tin solution has been used, and from 
another burette pour a one-tenth nornial solu- 
tion of bichromate of Potassium into the flask, 
until the blue color of the iodide of starch 
reappears. As only half the iodine is set 
free, a equivalents of cojjper must be reckoned 
for each equivalent of iodine. The method 
is of but narrow applicability, since it cannot 
be employed in presence of free nitric, chlorhj- 
dric or acetic acids, ferric salts, or other sub- 
stances which decompose iodide of potassium. 
The solution must not be too dilute, nor should 
the mixture of copper solution and iodide of 
potassium be left for any length of time before 
the tin solution is. added to the mixture. 
(Mohr, Tilrirmethode 1855, 1, 277.), Another 
inetliod of GStimnting copper by means of iodide 
of potassium and chloride of tin, is referred to 
in Zeitsch analyt. Chem., 1869, 8. U. Two 
standard solutions are employee', one of iodide 
of potassium, and the other of chloride of tin. 

4. Reduction of copper salt 6j Svtphile of 
Sodium. Supersaturate the acid solution of 
copper witli aniiiionia water, add a solution uf 
sulphite of sodium to the mixture, and boil 
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216 COPPER SALTS, 

until the cupric salt is reduced. Expel the For Gibbs's method of bringing the metal in 

exfesi! of siilpliurous acid by boiliii;;; with an ore to tlie fonn of a sulphate, aec under 

chlr)['h_vdri(; aoid, and estimnte tliB Copper by Copper, preuipitation of by iron, 

meann'of ferri<! chloride anil peruimigHnate of 6, Reanclion of the Copper »alt by HypoBul' 

poUusiuiu. The method is Mid to be easier of pbUe af Sodium. See Sulphide of Copper. 

execution than that depending on the reiluc- 7. Redur.tion of the copper salt by hot Hy- 

don of the coppw salt with arape-su^ar, since drogen. See Copper, fixity of. 

it is difficult to wash out tiie wliole of the 8. Reduction of the copper salt by metaiHc 

sujjar from the preeipitated dinoxide (Terrell, Iron. (Compare the proeesses described under 

Ctmples Rendtts, 1858, 46. 230). the head of Copper.) A process described by 

6. Reduction of the copper salt by Hypo- C. Molir {Aanalert Chem. umi Phana., 82. 
phosphorous Acul. ' Add to the cold, slightly 97, and Mohr's TUnrmelhode, 1855, 1. 203), 
aeid, and not too dilute solution of sulphate depends upon the reduction of a slightly acid 
of uopper,anexcessof asoluble hypophosphite, solution of tliu copper salt by iron and titra- 
Buchaahypophosphiteof magnesium, forexara- ' ■■■'■■ >- - > j 
pie, and beat the inixtur ■ gradually, until after 
standing Ibr some minutes between S0° and 
90°, tiie hydride of copper has entii-ely sepa- 
rated in coherent masses. It is best not to drops of chlorhydric acul, add alSout 0.25 part 
allow the liquid to boil, in order that the sud- of pure chloride of sodium, and a number of 
den evolution of hydrogen ^a which would nieces of sofl iron wire. Close the bottle and 
result from decomposition oi the hydride of let it stand at a temperature of 30° or 40°. 
copper, if tlie latter were heated to 100° may Xlie reduction proceeds rapidly, so that the 
he avoided, and that the precipitate may ba whole of the copper will be precipitated in the 
obt^ned in a spongy, coherent tbrin. It is course of 1 or 3 hours. It is essential that the 
easy to detei-uiine when the pi-eclpitation is solution must not be too strongly acid, lest 
complete, by testing a drop of the solution with some iron dissolve directly without taking part 
sulphuretted hydragen water on a white plate, in the reduction. Neither must the solution 

No filter need be used, if the precipitation be heated too strangly, lest a basic ferric salt 
be effected in an assay flask; for the precip- be formed which has no action upon the per- 
itat« may easily be waslied by decantation manganate of potassium. — When the re- 
in the flaak, and alterwards transferred to a ducdon is complete, as may be seen by the 
porceMn crucible by the method of inversion, absence of color in the liquid, and by the fact 
described under Chloride of Silver. After that a drop of it tested with sulphuretted hy- 
having been dried, the precipitate is jrently di-ogen no longer gives a black precipitate, die 
ignited in a current of hydrogen, and is weighed solution is diluted with water to the volume of 
as Copper. It is essentjal that the substance to aoo or 500 c. e., and portions of 50 or 100 c. c. 
be analyzedshoiildbein theformof aEulphat«, are taken out wiih a jiipette and titrated with 
and that the solution should contain a little permanganate of potassium, (See Ferrous 
free sulphuric acid. If nitric acid be present. Salts.) The purpose of the chloride of so- 
tbe precipitation will be incomplete; and when din m, as well la the small quantity of firee 
chlorhydric acid or a chloride is present, the acid, is to facilitate the reduction of the cop- 
process Mis entirely, the copper being then per salt by increasing the conducting power irf 
reduced to dichloride which remans in solution, the liquid. According to Fresenius, thepro- 

The presence of iron in the form of sulphate cess gives tinreliable results, sometimes as 

does no harm, and copper can be perfectly well much as 12per cent too high It would hardly 

estimated also in presence of manganese, nickel bo applicable in my evc.nt to the analysis of 

and zinc. But the process is inapplicable in ores or allo}^ containing iron, in spite of 

presence of arsenic and antimony, even when llohr's propos*! to determine the iron by it- 

tartrates are added to the soludon. As has self in i leparati. pirtion of tlie substance, 

been alre-ady stated, tiie solution must not be after ri.duL.ing the ferric "alt with zinc, aiul 

too dilute. But the precipitation of the copper makin^au allowance lor it 

will be complete if a saturated solution of the 9. Reduction of the rapper talt by metallic 

sulphate is diluted with not more than 10 times Copper. 

its bulk of WiUer before the addition of the hy- A. Leeo^s indirect copper (est. Supersatu- 

pophospbite. The process yiehU excellent re- rate the copper sotation with ammonia water, 

suits. Gihbs and oilii'jts, (^American Joam, Set., and pour the clear solution into a wide 

1867,44- 210). mouthed botde, which can be closed >ur tight 

As A. Wurtz (Bulletin Soc. Ckim- de Park, with a glass stopper. AVarra the bottle iind 

1866, p. 194) hag shown, hydride of copper is dilute tlie solution with boiling water, until the 

)»^cipiiated vhen a mixed solution of copper buttie is almost completely filled with tt. 

and hypophosphorous acid is heated to 70° and Place a weiglied sheet of bright pure copper 

the hydride when exposed to the temperature foil (see Copper as a reagent) in the liijiiid, 

of boiling, is reduced to metallic copper with close the bottle, and set it aside- until the blue 

evolution of hydrogen. liquid has become completely colurl^a. Then 
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tekf out the Btrip of copper, vrash it clean anil the solution of creatin care must be taken 

dry and weigh it Thu toss of wei^ilit repre- that the siilos of the dish nhove the liquid are 

stmts the copper which was contmned in the no hotter tlian the liquid, lest a part of the 

original BoluUon:— liquid be changed W a hrown nngfomed, 

CuCi: + cu = icna. which would color the liquid in case it dis- 

The process, which is an adaptation of solved in it — The process of Liebig yields 
Fuchs's indirect iron assay (see Fenie Salts), less cmatiu than the improved methods de- 
has merit in so iiir as it is applicable to the scribed btlow It la seldom used now-a^days. 
analysis of copper solutions in almost any of (Compare Nawrotti. ZtU'tck. aiiidyl. Ckem., 
the acids, even nitric acid, no matter how 18S5, 4. 339.1 A modification of Liebig's 
strongly acid the orif(inal solution may be. pi-oceea recently employed by Vaieutinor (see 
There must of course always be used such an Zeilsch. analyl. Cheia., 18S8, 2. 29) consisted 
excess of ammonia that the whole of ihc sub- in extracting the flesh with spirit, a/icording to 
salt of copper formed shall remain dissolved in Stadeler (see below), and afterwards precip- 
it. But on the other band, the process has the itating with baryta water, as above, 
great disadvantage of requiring a long time B. Stiedeler (Joarti. prakl. Chem., 1857, 
lor its completion. With a liquid containing 73. 256^ pours upon the minced flesh, or*u|>on 
about 1 grm. of cupric oxide, and using a strip that which has been rubbed in a mortar with 
of copper weighing 4 or 5 grms., the experi- moderately coarse glass powder, from 1 to l.S 
roent takes about 4 days for its completion, times its bulk of spirit, heats the mixture 
(H. Eose.) — Accordiug to Phillips (An- gently upon a water bath with consUnt stlr- 
nalen. Ckem. und Pkann. , 81: 208) and Erd- ring, and presses out the liquid. After evap- 
mann {Joam. prakl. Chem., 75. 211), (he orating the alcohol, acetate of lead is added to 
process is apt to give incon-eet results, and to the solution, the mixture is flltereil and tlie 
mdicate more copper than the solution really excess of lead removed from the filtrate by 
contained. But Plessy and Moreau (Berg sulphuretted hydrogen. The filtrate from the 
und hmien. Zeitung. 1860, p. 10, and 1861, p. sulphide of lead is evaporated_ to a syrup, and 
1S8) have sought to improve the process. See the creatin allowed to crystallize froia tlie lat- 
also the recent improvements in the con-es- ter. According to Sawrocki (J?ei(scA. aimiv'- 
ponding iron assay, under Ferric Salts. Cheat., 1865, 4. pp. 338, 339), it is not well to 

B. BuTtge's indirect copper tett consists in use strong hot alcohol for extracting creatin 

boiling die solution of copper, acidulated with from flesh, since some of the fiitty matters 

chlorhvdric acid, butfrcefiom uitric acid, ler- which go into solution in the alcohol cannot 

ric salts and other oxidizing agents, with a be completely sepai'ated from the crystallized 

weighed strip of metallic copper. Atler the treatin without occasioning the loss of some of 

fluid has been decolorized, the strip of copper the latter. — In remaAing on Straileler's 

is washed and weighed, as in A. iTie process process, Neubauer (Zeiuck. anolyl, Chem., 

has iallen into disrepute. For the action of 1863, 3. 25) admits that the extraction with 

acids and other agents upon the strip of cop- spirit is easy, and that the creatin obtwned is 

per, see Copper, profierties of. remarkably pure. He was repelled from the 

Creatin. process, however, on finding that the mother 

Principle I. SoluHlity in water and dlffi- fhiuor from which the creaUn liad crystallized 

cult solubility in alcohol. contained a substance other than creatinin, 

Appikalions. Estimation of creatin in flesh prccipitable by chloride of zinc, which would 

Methods. of course interfere with the determination of 

A. The <Jd method of Liebig (Annalen creatinin. But Since Neubauer has himself 

Chem. und Pharm., 1847. 62. 287, 2931 of ex- shown by subsiM^uent researches thatthere is 

Iracting creatin from flesh was as tbllows:— really no creatinin in the mother liquor in 

The finely minced flesh was well kneaded with question, this objection to St^deler's process 

water, and tlie fluid txpressed by wringing the would seem to fall to tlie ground, 

mixture, bv small portions, in coarse cloths, The difficulty just mentioned may be 

ciu^ being taken to stir the residue of the first avoided by extracting the flesh with water 

expreBsionwilhwater,andtoagainexpress the instead of with Sjiirit, an-1 in this sense Neu- 

liquid. The extract was gradually heated to bauer [^Zetlitch. cnalyl. Chem., 1863. 2, 26) has 

boiling to coittfulate the albumin and coloring devise<l the following process.- — 

matted, and from the filtrate the phosphoric C. Thoroughly mix some 200 to 250 grms 

and sulphuric acids wei'e precipitated by ba- of the finely minced fltsh with an equal 

vvta water. The filtrate from the barium pre- weight of water, and heat the mixture during 

cipitate was carefully concentrated upon a 10 or 15 minutes to 56° or 60°, upon a water 

water bath to about one-twentieth of its vol- bath, with constant aljrring, so that the albu- 

ume. The syrupy liquid was then set aside in min may be^n to coagulate. Decant the 

a modcraleiy warm flask to crystallize. The liquid and press out the residue by twisting it, 

crvstils were separated from the mother liquor by small portions, in a piece of cotton cloth, 

by filtration [and washed first with spirit and Stir up the residue with some 60 to 80 c. c. of 

then with su-ong alcoholV]. In evaporating water, and press it thoroughly a second time. 
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Heat the combined filtrates over a lamp, widi wanls with absoJnte alpohol, dry at 100° and 

constant stirring, until the aihumin ia com- weigh. The anhydrous ereatin tlius iibtained 

ijletely coagulated, and filter the liquid after it is completely colorless, leaves no tra^ie 'if resi- 

las become cold. ~ In order to avoid the due when burned, and is absolutely free frairi 

formation of much glue, it ia important not to creatinin. — According to Neubauer, and 

hoflt the moistened fiesh any longW "than is Nawroeki also, there is no citiatinin in iiormai 

.absolutely necessary. 10 or 15 oiiniites heat- iiesh; that which has been obtained by other 

ins at oo° oi- CO" is amply sufficient to bi'ing observers has resulted froni tlie decomposition 

air the soluble ingredients of the flesh into so- of ereatin. See belcw, under properties of ere- 

lution, and to contract tlie.flesh so that it may atJn. When the operation or extracting crea- 

be easily pressed with the hand in a porcelain tin, as above described, is carefully conducted, 

strainer. — To the thoroughly cold filtrate no creatinin can be detected in the mother 

" n the albumin add a solution of acetate of liquor, from which the crystal? of ereatin have 

' ' ■■...-■ 1 1 jiiparated. (Neubauer, toe, cii,. pp. 31, 32.) 

D. ]SI»wrocki (Zeifse/i. cmalyt. Ciiem., 18C5, 
i. 333) employs a combination of Stffideler's 
houi-^ then throw it upou a plwted filter, wash and Neubauer's methods, as follows: — Fi'om 
it twice and pi-ecipitate the excess of lead in 15 to 30 gi-ms. of inuscio is cai«fnlly freed 
tha filtrate with sulphuretted hydrogen. After fi^om lymph and blood by moans of a cloth, 
filtering the sulphide of lead, fJiere will he ob- and placed in a we^hed flask ftill of 95 per 
tained a liquid clear as water, which may be cent alcohol. Tlie flask is carefully closed, 
concentrated over a small gat flame at first, if and again weighe<l; it ii then warmed slightly, 
care be taken that the liquid does not boil; it and left at rest during 12 or 24 hours, in order 
must afterwards be evaporated upon a water fhat the muscle mav harden and be made fit 
bath to the consistence of a thin syrup of for comminution. The alcohol is then do- 
bright yellow color. This ayrup is set aside canted into a dean dish, and the muscle is cut 
for 2 or 3 days in a cool place, in order that into small pieces by means of scissorB, and 
the ereatin may crystallize- — • The evapo- rubbed fine with some pure sand. Foursome 
ration had better be made at first in a largo almost boiling water upon the powder, and 
dish, but when the liquid has been reiluusd to heat the mixture from 3 to 5 jninntes (but no 
a volume of 40 or 50 e- c.', it may be decanted longer) upon a wafer batli, with constant stii'- 
nml washed into a 'small dish, and there fur- ring. ^ . It is better to treat the muscle with 
ther evaporated to a volume of about 5 c. o. hot water severa] times, and to pi-ess the resi- 
Care must be taken, however, not to push the due between whiles, than to digest it for half 
evaporation too far, nor to expose the residue or three quartera of an .hour upon the water 
too long to the action of- heat. By tiie con- bath, for in the latter case it is easy to form a 
tinued action of heat the residue gradually quantity of glue which diHturbs the subsequent 
acquires a brownish or broivn color, while operations. Alter each digestion in hot water 
some of the ereatin is destroyed. To avoid the muscle is pressed with die hand in a bit 
thb decomposition of creatiu it is well to fre- of linen cloth upon a tunnel,. The pressed 

Juently remove the dish from the water bath residue should he taken from the cloth, and 
uring the evaporationjand to swing theliq- broken down with a glass rod before pouring 
uid about in the dish, so that no dry rings of the hot water upon it. From 3 to 5 doses of 
residue may form upon the sides of the dish, hot water are sufficient to extract the whole of 
In ease tlie syrup obtained is brown, no confi- the ereatin. The aqueous extract and wash- 
dence can be placed, in the results obtained inge arb now mixed with the. alcohol in which 
from it; but if the opei-ation has been care- the muscle wa^ hardened, and'the liquid is left 
fully conilucted tiiere will finally be found an upon a slightly warm water bath until the al- 
abundant crop of ci'ystals of colorless ereatin cohol has evaporated. It is then filtered 
beneath a light yellowish mother liquor. through -^Very. porous paper — such as that 
The crystals of ci'Catin are collected upon a made from vjool,; ^t^bich is used in the arts for 
weighed tiltcr as fbllowsi — Decant the mother filtering coffee. The perfectiy cold filtrate is 
liquor into a very small beaker, and let the ti-eated with the smallest possibiu quantity of 
crystals drain. The decanted liquid, though acetate of lead which will suffice to corn- 
almost absolutely clear, contains some small pletely precipitate the phosphoric and sul|)hu- 
isolated crystals of ereatin; it maybe mixed ric acids and the albumin which bas remahied 
with 2 or H times its volume of alcohol of SS in soluijon. Dut, as Neubauer has urged, an 
per cent in order to make it fit for filtration, excess of the acetate! muBl. carefully be avoided 
and then poured into a small plain filter which if correct reiults are to be obtained. When a 
has previously been iheislimed. with alcohol, sufficient quantity of the acetate hns been 
After the mother liquor has been filtered, wash added, the precipitate settles rapidly, and the 
out the crystals frain the dish by means of the liquid,, which was opalescent l.helbre, becomes 
filtrate, or in case of need, with alcohol of 83 clear and transparent. Since the flocculent, 
per cent, wash tlie dish and crystals once or adhesive precipitate easily clogB the pores of 
twice with alcohol of 88 per cent, and after- the :filter, as much of the. supernatant liquid 
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ag poaaible must be decanted from the pi-eeipi- ' Application. EBtiiiiation of creatin .in flesh, 
tate. It 18 well atao to plate a filter of tiis Method. Prepare an aqueous extract of 
coaras coffee paper within an ordinary filter ia flesh, as de^'ihed above, under Principle I, 
order to prevent tlie clogging of the latter. Nawrocki'S'tol'tliod, and, after the aluohol has 
The precipitate ia washed with water as quickly been evaporated, add to the solution a lew 
as possible. In case it sticks closely to the drops of very dilute sulphuric acid to remove 
fdtar loosen it with a glass rod. The reason the albumin. To the filtrate fkan the albumin 
for hast« In washincr is that some of the alhu- add from S to 5 c. c. of dilute Eulphuric acid, 
minate of lead is liable to be decomposed by prepared hy_ mising I volume of the mono- 
carbonic acid from the air, so that the filtrate hydrated acid with 19 volumes of water, and 
might b&come cloudy from the presence of boil the acidulated liquid S or 8 hours. Then 
albumin. ^ The clear filtrate is freed fi-om decompose the sulphate of creatiiiin by heating 
lead by means of sulphuretted hydrogen, the the liquid with carbonate of barium, filter, 
sulphide of lead is separated by filtration, and acidulate the filtrate with acetiu acid, concen- 
the filtrate is evaporateii at a very moderate trate it to a small bulk, mix with' several vol- 
temperature. The temperature ol' the watti' umes of alcohol, and aiier several hours filter 
batJi must be closely attended to; a broad, flat and add an alcoholic solution of chloride of 
dish should be employed, and the liquid within zinc, as explained under Creatinin. Or iu- 
it should be Ireque&tly a^tated to prevent the stead of using sulphuric acid, acidulate ths 
formation of dry rings. It is well to have the extract of flesh with acetic acid, heat the mix- 
opening at the middle of the water hath so ture to copulate albumin, and boil the filtrate 
small that only a very small portion of the for 6 hours with addition of about 2 tKn'cent 
bottom of the dish can come into immediate of acetic acid of 25 per cent, (Sarokow; 
contact with the aqueous vapor. By ths ex- Nawrocki, Zeitsch. aiialyt. CJiem., 1865, 4. 
ercise of due care and paljence the liquid may 340.) The pi-ocess yields considerably leso 
he reduced to a volume of 2 c.c. witliout creatin tlian the direct method as employed 
becoming yellow to any noticeable extent, by Neubauer and by Nawrocki, and described 
Sometimes it remains absolutely colorless. Af- under Principle I. 

ter the syrup has been lefl; for 2 or 3 days to Instead of operating as above, Valentiner 

crystallize, flie crj'stals are carefully separated (Zeilsch. analyl. Chem., 1863, 3. 29) boils 

from the mother . liquor and collected on a tha filtrate from albumin witli chiorhydric 

weighed filter. In case the mother liquor is acid, adds acetate of sodium to the boiled ii- 

too chick, which is seldom the case, or when it quor, and precipitates the creatinin with cUlo- 

has almost completely evaporated on standin<r, nde of zinc. 

It may be diluted with a few drop- of 50 pei Pinperiim. Creatin crystallizes in small 

tent spu-it The motlier liquor should be ii lectingular pi-isms, which are transparent, 

lowed to dram awaj ^.ompktely from the filtei bnlhant and pearly, and permanent in the ^r. 

before beginning to wash The washing is ef Tlie crystals contain 2 molecules of water of 

fected bv mdns ol 83 per cent alcohol tol ciystallization, which are expelled at the tem- 

lowtd by absolute alcohol The crystils are perature of 100°, 12-17 per cent of the weight 

dried at 100° and wiiighed between two wat(.h ol the crystals being lost. Anhydroos creatin, 

glasses It is best to weigh twice or until the in which form the substance ia usually weighed, 

results of two wei,^hings ^i-ce m oider to be must consequently be multiplied by l.lSi'4, iu 

sure th-it the (.leitiu is anhvd ous order to obtiun the weight of crystallized crea- 

TliB process giies satisfiotory results, and tm to which it is equivalent. I part of crys- 

iB doubtless the most convenient and t.'cact talhzcd creatin dissolves in 75 parts of water 

method of estimating credtin hitheito pub at 18° in » very small quantity of boiling wa- 

lislied It IS to be commended in default of ter and in 9400 paita of cold, strong alcohol, 

better metjiods though it can lay no claim to It is much more easily soluble in weak alcohol 

the preusion of the ordraarv professes of in than in strong, and is nearly or quite insoluble 

Oi^anic analjEis — In NiwroLkis control in ether. .It does not act on vegetable colors, 

expeiiinents the weight ot the creatin found It dissolves in cold baryta water without 

iaiius, at the most, from 01 to 02 per cent change but is decomposed when boiled with 

of the weight of the muscle taken, and from barita water. It dissolves in dilute acids with 

2 to 7 pei cent of the weight of the cieatin but little, if any, change, but when boiled for 

found But since the quantities of creatin a long time with dUute 'sulphuric, chiorhydric 

range from 01 to 02 per cent and the or acetic acids, or heated for some IJme with 

limits of error from 01 to 02 per cent, the strong acids, it is completely converted to 

ETior ot otbervatiun in an extreme case might creatinin. It is changed to creatinin also, 

amount to one tcnlh of the entire quantitj of when its aqueous solution is heated, and this 

(rcatin Hence the utmost care must be ex- fact explains not only the small percentage of 

ercised in the experiments, and in the drawing creatinin found in fiesh by the earlier observ- 

of conclusions fiom their results crs, but the false impre^ion that creatinin is a 

Pimciple II Dtiom posit ion of bv dilute, normal constituent of flesh (Neubauer, ZeiVsfi. 

lolling T n.", witli formation of crntinin analyt Ckem., ISGS, 2. 33; Nawrocki, 76u/, 



yGoogle 



CREAT1N1N AND CHLORIDE OF ZINC. 



186S, 4. SSG). Creatin disnolves in tolerably 
laiT^ quanUty in a cold concentrated solution 
of chlariilB lit' zinc, hik) wartlike crystals of a 
liompounil of the two aubstamies tbrm readily, 
espeoially on the a<ldition of alcohol (Neu- 
baner, (oc. cii„ p. 31). 

Creatlnin and Chloride of Zinc. 

Principle, Sparing solubility ol the coin- 
pound in strong alcohol. 

Appticatumg. EstJination of creatlnin and 
of creatJn after it has been changed to crea- 
tiuin, as above described. 

Method. To estimate creatinin in nrina 
measure out 800 c. c. of the liquid, add to it 
milk of lime until an alfcaiina reaction jiei-- 
usts, and ai^rwards a solution of chloride of 
calcium aa long as any precipitate falls. F^et 
the mixture stand for an hour or two, then 
filter and evaporate the filtrate, and waEh-wa- 
ter on a water-bath almost to dryness, as rap- 
idly as jjoswble. Stir into tlie concentrated 
warm liquor SO or 40 c. c. of alcohol of 95 per 
cent, pour the mixture into a beaker, wash out 
the dish with a small quantity of alcohol, aiid 
let the mixture stand 4 or 5 hours in the cold, 
in order that all insoluble mattflra may separ- 
ate. Filter the liquid through the smallest 
possible filter, and wash the precipitate with 
small portions of alcohol after it has been al- 
lowed to drain thoroughly. In case the vol- 
ume of the filtrate is much larger than ."iO c. c. 
set the beaker on a warm iron plate, let the 
liquid evaporate to the bnlk of 10 or 50 c. c, 
and aiierwards set it aside to cool. To the 
diorou^bly cooled liquid add 0.5 c. c. of an 
alcoholic solution of chloride of zinc, abso- 



i^tation greatly facilitates the separation of 
the precipitate, then corer the beaker with a 
glass plate and set it aside in a cellar for 3 or 
4 dajH. Alter the lapse of this time collect 
the crystals on a weighed filter, taking care to 
use the mother liquor, or filtrate for wa.-<hing 
the last portions of crystals out of the beaker. 
When all of the ci'ystahi are upon the filter let 
tliem drain thorou<^hly, ami finally wash them 
with small portions of alcohol until the wash- 
ings are colorless, and no longer give any re- 
action for chlorine. The washing should be 
thorough, but not too hmg. Dry the filter and 
crvstals at 100°, and weigh (^feubauer, Arma- 
le» Cheni. v«d I'liunn. 1B61, 119. 35). 

According to Winogradoff (Zeitsch, anaiyl. 
Chem., IH69, 8. 100), some inconvenience will 
be experienced if the foregoing procesi_ is ap- 
plied directly to the estimation of creatinin in 
diabetic urine. The sugar in such urine is 
reduced by evaporation to the condition of a 
viscous ntaf^s, which is very difficulty miscihie 
with alcohoL Moreover, some of the creatinin 
is converted into creatin during the process of 
evaporation, which is necessarily tedious, so 
that less creatinin is obtained than was rimlly 
present in the urine. According to Gaehtgens, 



this difficulty can be in good part over(rome by 
mixing the syrupy residue with fine sand be- 
fore trcBting it with alcohol, but in tliat event 
some of the sugar is dissolved by the alcohol, 
and is liable to interfere with tiie subsequent 
deposition of the compound of creatinin and 
chloride of zinc, ^ . The best way of pro- 
ceeding is to destroy the sugar by fermentation 
at the start. To this end mix 500 c. c. of the 
urine with a auantity of pure yeast, and set it 
aside in a tolerably warm place. After the 
completion of. the fermentation add a mixture 
of milk of lime and chloride of calcium, and 
filter the mixture after it has Htooil for 2 hours, 
EraporRte the filtrate on a water bath to the 
consi.'tence of a tiiick syrup, mix the residue 
with 100 c. c. of alcohol of 95 per cent, transfer 
the mixture to a flask, and let it stand for sev- 
eral hours in the cold with occRsional shaking. 
Then filter, evaporate the filtrate to about 
50 c. c., add the solution of chloride of zinc, 
and let the mixtuiv stand in the flask tor a 
week. Collect the denof^it on a small weigheil 
filter, and wash it with hot alcohol until the 
washings cease to give any reaction for chlo- 
rine, then weigh. In ease the microscopic 
cxiunination of the deposit reveals the gires- 
ence of any foreign substance, confirm the 
foregoing result by detennining the amount of 
zinc in tlie deposit. To this end igt^ite the 
contents of the filter, expel the chlorine with 
nitric acid, boil and wash the residue with 
water and dry, ignite and weigh the Oxiile of 
Zinc. (Gaehtgens, ZeiWA.ai»i/t/(. CAon., 1869, 
•8 101.) 

The process is simpler when creatinin is to 
be estimated in pure aqueous solutions. The 
following details apply Ui exporiuients made by 
Neubaiier (Ic. cit., p. 36) to test the accuracy 
of his process. A standanl solution of pure 
creatinin was prepared by <Iissolving O.H9iltt 
grm. of the substance in 2 or 3 c. c. of water, 
and diluting with absolute alcohol to the vol- 
ume of I(i0 c. e. Portions of 50 c. c. each of 
this solution were measured out, and to each 
portion tiiere was added 0.5 c. c. of an alco- 
holic solution of etiloride of zinc of 1.195 
sp. gr, Afterthe mixture had been allowed to 
stand 48 hours in a cellar, the crystals were 
collecteil and weigheil, as above described. 
Freni 99 to 99.2 |Kr cent of the ci'catiiiin 
taken was found t^ain in each exg>ei'iment. 

Nawrocki (Zuiisck. anaiyl, Chem., 1866,4, 
335) estimates creatinin in the mother liquor 
from creatin as follows: — Mix the solution 
with twice its volume of alcohol of 96 per 
cent. Lt-t the milky mixture stand at rest 
during IS or 34 hourx, and filter to separa^ an 
albuminous substance which collects upon the 
bottom and sides of the beaker. Add to the 
clear filtrate 5 or 6 drops of a concentrated al- 
coholic solution of chloride of zinc. After 3 
or 4 days collect the crystals of the compound 
of creatinin and chloride of zinc on a weighed 
filter, wash them first with alcohol of 70 or T5 
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pi^ cent, tw'l nfterwards with alifoliile aleoliol, tin, especiallj- wlien in present of lime or 

until diloriue ciin no lonper Im; cktei-ttd in the aninioniji. 

filtri>t«. Dry at 100° ami weigh. In apply in j; CyanhydHc Acld. [*''>"'l"'r^ Lyaiio- 

thu pi'ucess for the eBtiiiiatJon ot" the cwatiiiin gKn, bulow, and in tlie findniK h»t in tlia 

obtained bv ^Kt-omposing Creatin. as above Appendix. See also Cyanogen tonipounUe.J 

described, tlm first drops of chloride of zinc Pnndple. Volatility of. 

piwiui-e a fiocculent precipitate which must ba Applkatian. Estimation of cyanliytlne aclil 

removeii bv filtration before the solution is set in all cyanides from whi<-h it "'»>■'>« t^""?" 

aeide to cryatalliie. pletely expelled by heating witli clilorbydnc 

A procofB employed by Seholtin (cited in siciil. Separation of ejant^en from many 

Aimalen Cliem. «»d Pharm., 119. 40) and metali. 

otbers for t-stimating creatinin in urine, con- Method. Fit a cork, or cao.itelioue stoppe^ 

sistwil in evafjorating the urine, extracting the with two jterforalions to a fniall flask. J brongh 

renidne with spirit, anil treating the extract one hob of the cork tTinist the Pf""* *J " 

with baryta water, or with acetate of load, — Mohr's burette, and throiifih the otlter hole a 

attei- the alcohol had been expelled from it bi'nl glass tube, the outer end ot which is 

by evaporation; the mixture was then filtered, fitted air tij;ht to a tubolated^ receiver, ta 

the excess of hariuiu or of lead was removed which a small (juaBtity of a solution of canstio 

from the filtrate, and the latter evaporated to soda has been plated. Attach to the receiver 

the consistence of a symp from which the a U-tube, and place in it also a small ^ntity 

compound oi' ereatiuin "and chloride of zinc of a solution rt caustic «oda. Fill the burettet 

was then obtained. Thia process, however, with chkirhydrfc acW. Hace the cyanide to 

yielUs very much less creatinin than that of be analyzed in the (laBk , t<«etter with «eme 

Neubauer, above deaeribed, and is objettion- water, warm the mixture and, by openmg the 

aUe. iuBxmuch as some of the creatinin ap- elipcdthe barette. httfce cHw^ydncatldllow 

" . . . . . .. ,1 .1 . r /_ ^t . ■*__!_ 1... .-II j.t».„.. n.^LI an iiv^pm 



pi-»i3> .t> be changed to creatin during the into the tlask by swall portioi... 

evaporations, and To lost. of it has been ailded. Heat the flask until the 

llie original trnde process of Liebig was to wholeofthecyanhydricacidhas been expelled, 

treat the urine with lime water and chloride ami estimate the acid in the distillate as es- 

of calcium, to separate the precipitate by til- plained under Cyanide of Sflver, Cyanwle of 

tration, and evaporate the filtrate until the Silver and of Potassium, or Cyanide of Potaa- 

gi'uator part of the B^ts had crystallized. The siuni. ITie reason why tie cWorhydne acid b 

mother liquor poured off from the crystals in added by instalments is that tree cyanhydritf 

question was treated with one-twenty^fourth ai'id is oasity changed to formfe aeid when 

rt' >l» weight of a syrupy solution oiH-hioi-ide heated with the minesal acids. By operating 

of zinc, and the mixture set aside for some asabovc, however,thefe wHlneverbeany Jree 

days to crystallize. ehlorhydrie acid in the flask until the close off 

PrnperM. As precipitated from alcoholic the operation, after all the cyaiifiydric acid has 

MlotiomR. the couipoimd of creatinin and chlo- been expelled. 

»id« of zine is a crystalline powder of Ikht CVapide of, Cadmium. 

yelk*wirii color. Under the microscope fliis Wnciple. SoIuMity ui an aqueous solution 

powdet appears to be composed of well de- of cyanide ©f potassium. 

fined balls of various sizes, transparent and Applications, Separation of td trom Bi. 
yellowish. When raaBnilied 400 diameters, and Pb. , r. 
concentric stripes are plainly visible. When Method. See Carbonate of Bismuth. Corn- 
precipitated fTOm a solulim which co Wains pare Cyanide of Copj^r. 

sugarand chloride ^' sodium, t-he presence of Cininide of CODatt. , „i„t:„^ 

transparent octahedral crystals may be de- %inctple. Solub.T.ty in «» aqueou» solution 

tected with the microscope. In case there are of cyanide of potassium. , p„ ,,„,„ wf 

amorphous whiti! particles commingled with Appti':<^Uo>^. Separation of to from JNi, 

the compound of chlofide of zinc and crea- Mb. Zn, U, Ba, Sr, Mg and Al- , 

tiuin, a compound con^ning phosphoric acid M^hods See the CobaltKyan.d.^ of Pota^ 

is present, >Z this phosphoric acid I^^uld go to slum and of Zinc; Cyan.de oi Man^«n«>*, and 

contaminate the dnc if that substance were Carbonate ol Cobalt. For separatmg C^from 

determined for the sake of control. — 1 part Al it JS only necessary to add an ^'"-'^s « * 

of the c-orapound is soluble in about 8200 parts solution ol eyamde of potf ^'""^ xh,S„lZ 

of alcohol of 08 per cent, and in about 5700 warming the in.sture. Hydrate of Alumina^ 

?a.t^of alcohol o? 87 per cent, at a tempera- will remain undissolved ^^L'^C^!'^,,^^ 

ture of 16" to 20'. It is readily soluble in froo» Mg, preciprt.te with carbonate ot potsi- 

water, and slightly soluble in ether; yeast has slum, aJd an excess of cyanide o P^^s^'"'" 

no action ui^n it. Its composition may be to dissolve the carlwnate of cobalt, add some 

represented by tlie formula, '"?'^'' *''"^"^" "^^'''"'''""A^ ?^.^nl W 
c n N o znci mixture down to di-yness. On treating the 
It may here be mentionl-d that creatinin, when residue ™ith^«ater aU the C"l.on.te of Mag- 
in aqueous solution, is slowly changed to crea- nesium will he left undissolved. (Haidlen & 
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md Pharm., 1842. siinpfe cranides, but of many double cyanides, 
Euuli as Prussian blue, feiTo- and fern-cyanides, 
and the double eyajiide of nkk«l and potas- 

ii aqueous solution aum ; but not pf the cobalticyanidea. Iji gen- 

of cyanide of potassium; — or EOlubility in wa- eral terms it may be siud that the process is ' 

ter of the double cyanide of oopper ajid potas- applicable to those compounds of eyanogen 

tiuni. .wiiieh ai'e not easily soluble in nitric acid, and 

Applicaitons. Separation of Cu from Bi preeipitable by nitrate of silver. — The 

and Pb. ' ■ details of the process are ns follows; — Boil 

Melhod. See Carbonate of Bisiiiuth, insol- the compound in water, to which a decided 

iibiUtyof in cyanide of potassium. — It ia excess ol oxide of mercury has been added, 

to be i-emeinbercd that commercial cyanide of for a few minutes, or until complete deconipo- 

potassium contiiins carbonate of potassium, sition has been elTected. Incase n p 

and that when a solution of it is added to a ent add nitric acid, drop by di-op tl 1 t 

Eolutlon of bismuth or lead, carbonates of tliese liquor until the alkaline reaction h i^ t 

metals are thrown down. — To prepare the but not quite disappeared, in ord that th 

filtrate for the estimatjon of (he copper, boil it liquid, which would be muddy t n t tl 

with some ehiorhydric acid, to which a little treated with acid, may be made fit 1 fil -a 

nitric aeid lias been added. {Haidlen & Fi-e- tion. Collect the sesquiOxide of I n n a 

seniua, J.on(rfen Chem. und Pharm., 1842,43. filter, and deteiraine tiie cyanc^n ai tl fil 

pp. 134, 1M6, 143.) trate by precipitation, as Cyanide of Sdver 

CyanidoOf Cold. using the requisite precautions (H. Bose' 

Prindpie. Solubility in an aqueous solution Zettsch. analyt. Chem., 1862, J. 297). At- 

of cyanide of potassium;— or soiiibility in wa- tempts lo substitute oxide of (silver for oxide 

ter of ihe double cyanide of gold and potas- of mercui'v in this process resulted in failure, 

slum. Not only does some of the cyanogen escape in 

Applkatwis. Separation of Au from Bi the form of ammonia on long continued boil- 

and Ph. ing of the mixture, but the cyanide of silver 

Method. See Carbonate of Bismuth. To finally obtained is impm-e, and there is always 

estimate the gold in the soiution, boil the !at- much less of it than there should be (H. Kose, 

ter with ehiorhydric acid to expel the cyanhy- loc, cit, p. 304). 

drlo acid, and precipitate the Gold with a. principle 11. Power of resisting nitric acid, 

rt 1 J i Bs Application. Separation of Hg from Cd. 

cyanide of JWaneBnese. Method. Add a solution of cyanide of po- 

Trmciple. Difficult solubility oi the cyan- ^^^^^^ ^ ^^^ ^j^^^^ ^^^i, ^^ precipitate 

which forms at first has redissolved, then add 
m of very dilute nitric acid, aJid boil. 
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rh cyanide of mercury is not decomposed, 



b It 



he cyanides of o. 

hanged to nitrates. When all the free 
hydric acid has been expelled, tlirow 
the cadmium as a Carbonate, and e> " 



Tfi \i^ \ f\^ tvniiussi com ^ ^^^ mercury in the filtrate therefrom, 
pletely, wh ! most f th yd t m^^a .j^^^j^^ ^ Fresenius, A^nalcn Chem. und 
nese remains undissolved, filter and^il the ^fe^rm., 1842, 43. 145.) 
filtrate wth fi ej pdveraed oi-de of mer- „ . . , .Vr -r. , -.. i. u 
cury to p ee J tat« the rest of the Ox de of Principle III. Decompoiability of by van- 
Manganese I^n te the two nanganese p e- ""^ agents. 

cipitate togetl er an we gh as Mangan te of Applkalion. Separation of cyanc^en froia 

Manganese Es nite tl obalt the fil- mercury, as a step preliminary to its estima- 

trate, a.. eipUnel u der Cobalt cya do of tion. 

Potassimn b e also unde th t head tl e pro- Methods. Cyanide of silver is not precip- 
cess to be followed for separating cobalt ftom itated when a soluble silver salt is added to a 
a mixture of nickel and manganese. solution of cyanide of mercury. On the con- 
Cyanide of Merct|ry> trary, « somewhat Bolublecrystalline compound 
Principle I. Solubility m water. of the two cyanides is ftn-med. Hence the ne- 
Applications.. Separation of eyanc^n fi-om ceasity of resorting to indirect methods in or- 
metals, as a step prelintinary to its estimation, der to convert the cyanogen of the cyanide of 
Method. Many metallic cyanides may be mercury into Cyanide ot Silver, or into some 
completely decomposed by boiling, them, either other form in which it may bo estimated, 
as solutions, or in the form of fine powder, A. One way is to distil the cyanide with 
with an pxcess of oxide of mercury, all the ehiorhydric acid, as described under Cyanhy- 
cyanogen being obtained in solution as cyan- dric Acid, volatility of. 

ide of mercury, while the metals are changed B. Another way is to precipitate the mer- 

to oxides. Thi» fact is true, not only of the cury as Sulphide of Mercury, tliougli afler 
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tiiathas been done it ia still diffit-ult to esti- Cyanide of PaHOtflUtn. 

mate tlie <!V!iniJ<reii in tlie liltrata. Principle. Jiitolubililj- in wHTer. 

C. Another way is to precipitate the Mer- Applivaiion, Estimation of Pallailiiim. 
ciiry Its such, by mejins of phosphorous acid. Method. Add carbonate of sodium to the 

D. A far better raeihod recently devised solution of protochloride of palladjura until 
by H. BosB (Zeilsch. anaiyt. Chem., 1862, 1, the latter is almost nenfraliii^ed, Ihun a<id a 
pp. S94-296), is as follows: — Dissolye the solution of cyanide of mercurv, and leavu the 
cyanide of mercury in 300 parts of water, and mixture in a warm place. If the solution is 
add to the solution about 2 parts of nitrate of dilute some little time will he i-equired in order 

. zine dissolved in ammonia water. Add more that the jrellowish white precipitate of proto- 

than enough pure potash lye to the mixtui-e to cyanide of palladium may subside completely, 

combine with the whole of the eyanhydrie and Collect the precipitate upon a filter, wash, dry 

nitric acids, and afterwards as much ammonia and ignite it, and weigh the Palladium which 

water us may be needed to make the lolntion ie left in the crucible. In cape tie original 

clear. Add sulphuretted hydrogen water by solution containe any nitric Hcid it must ho 

instalments, until the last portion added pves evaporated to dryness with an eicesi of chlor- 

only a, perfectly white precipitate of sulphide hydric acid, before proceeding with the preclp- 

of zinc. Let the mixture stand for cjuarter of itation, in order that the precipitate obtained 

an hour and then filter, Wasb the mixed pre- may not defli^rate when ignited (Woilaston). 

cipitate of sulphide of mercury and sulphide Cyanide Of PotasSlum. 
of zinc with very dilute ammonia water. Principle I, Decomposition of by free 

which seems to t^ke up the cyanide of zinc iodine. 

bettor than water would. The filtrate con- Applications. Volumetric estimation of cy- 

tains cyanide of zinc, nitrate of zinc and anhydvio acid and of cyanide of potasfium. 
ammonia. It does not smell in the least of J^e(Aorf. The reaction upon which the pro- 

eyanhydricacid. To determine the cyanogen cess depends maybe expressfd by Ihe equs- 

add nitrate of silver to the filtrate, acidulate tion = 

with dilute sulphuric acid, wash the precipi- ^'^^ + si - ki + ich. 

tate somewhat by decantation, and then heat The standard solution of iodine mny be pre- 

it with a dilute solution of nitrate of silver pared by dissolving 40 grms. of iodine in a 

in order to remove any cyanide of silver which litre of alcohol, and testing with hyposulphite 

may have been precipitated with it^ before of sodium to determine its real strength; or, 

throwing it upon the filter. Wash, diy and perhaps better, by dissolving the iodine in a 

weigh the Cyanide of Silver in the usual way. solution of iodid* of potassium, as explwned 

Go(S results may be obtained also by using under Iodine. 5 grms. of the cyanide of po- 

only ammonia water and omitting the potash tassiura to be examined are weighed out, and 

lye after the addition of the nitrate of zinc; . liissolved in water to the volume- of 500 c. c. 

and the point is one of importance in eases 50 c. c. of this solution corresponding to 0^ 

where potas^itm is to be determined, as well grm.oftheealt are measured out into aflask of 

OS when no potash lye fiee from contamination 2 litres capacity, and there mixed with 1 litre 

of chlorides is to be had. of water and 100 c. c. of tjeltzer water; the 

E. Still another method devised by Rose purpose of the latter being to change the alkali 
(^Zeitieh. anaiyt. Chem., 1862, I. 296) depends present to the condition of a bicarbonate, 
on the reduction of the mercuric cyanide by which will not absm'b iodine. The flask is 
means of metaJlic cadmium. The cyanide of placed on white paper, and the standard iodine 
mercury dissolved in from 25 to 30 parts of solution poured into it, until a permanent.yel- 
watei' is digested in a stoppered hottie for 36 low color IB produced. The cyanide tested 
Jiours with an equal quantity of cadmium mustbefi'eefi'om sulphide of pota.'iSJum. The 
filings. The liquid is tlien poured oat and average strength of the commercial cyanide is 
treated with nitrate of silver and nitric acid said to be about 55 per eent. — If the sub- 
in the usual way. A small quantity of cyanide stance to be examined is an aqueous solution 
of cadmium which adhci-es to the bottle as a of free eyanhydrie acid, mix it carefully with 
white deposit, must be dissolved in acetic acid e sidution of soda to alkaline reaction, add 
and added to the rest. The pnu^ess yields ap~ some carbonic acid water, cither Seltzer wa- 
praiimative results when applied as above, ter or soda water, unt^ the fluid no longer 
but is worthless when the solution of cyanide turns turmeric paper brown, and add the iodine 
of mercniT' is highly dilute. Neither zinc nor solution as before, until the liquid becomes 
iron can be useif in place of the cadmium. permanently yellowish. 2 atoms of iodine cor- 
Cyanide of Nickel. respond to l equivalent of cyanogen, cyanhy- 

Principle. Solubility in an aqueous solu- dric acid or a cyanide. The method givas 

tion of cyanide of potassium. satisfactoi^ results, but is not applicable to the 

Applicafion. Separation of Ni from Co, Cn, valuation of bitter almond water (Fordos & 

Ba, Sr, Mg and Al. Gelis, Joum. prakt. Chan., SB. 255). Accord- 

Method. See Cobalticyanide of Potassium ing to Souchay (^Zeitscli. analyl. C'liem., 1863. 

and Cyanide of Cobalt. 2. pp. 1J6, 180) th« olote of the reaction is 
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imlicaled plainly cnougli. ^ The process liiin crucible until it ceapes to lose weisriit. 

iiiiiv b« usBil (')i' pi-jiiiratiiis CN from CI, Br Tlie ignition may be i:om|ileteil in a quarter of 

imri I. by iletermining tlie cyanogen in pno an hour at tlie temperature of I'edness. It is 

portion of the mixture as abovt!, and throwing neither necessary nor admi^sableto heat the uil- 

down and weighing everything in the form of verto the melting point, nor in any thing (rained 

insoluble silver salts (see Chloride of Silver) by igniting the ej'anide of silver in a cun-ent 

in another portion. of hydr<^;en. The metals in the sulutance an- 

Principle II. Power of reducing copper aiyzed are determined in the liltrale from the 

salts, cyanide of silver alter the excess of silver has 

Applications. Estimation of Cu and of CN. been separated therefrom. The olgeet in add- 

Method, See Copper Salts, reduction of by ing the nitrate of silver lo the solid cyanide 

cyanide of potassium. rather than to its solution is to avoid the loss 

For use an a reagent, cyanide of potassium of those traces of cyanhydric acid whieh ex- 
may be obtained pure enough in commerce, hale from aqueous solutions. It is for a simi- 
It should be of a pure milk white colot', tree lar reason that the niti'ic acid is added aAer, 
front specks of iron or charcoal, and should dis- and not before, the silver salt. Care must al- 
solve in water to a perfectly clear liquid. It ways be taken to avoid an unnecessary excess 
should neither contain any sulphide of potas- of nitric acid, for cyanide of silver is some- 
stum nor silicic acid. In other words it should what soluble in that acid, especially if it be 
give a white precipitate when tested with ace- warm (H. lloso, Z&lsch. analyt. Chem., 1862, 
tate of lead, e.nd should leave no residue insol- 1. 199V 

uble in water whf n evaporated to dryness, In the case of a solution oi free cyanhydric 

after addition of chlorhydric acid. The nsiis ociW in pwe waler mix the rather dilute solu- 

of the cyanide are to precipitate certain me- tion with a solution of nitrate of silver in ex- 

tallic cyanides, as above described, and to dis- cess ; then add a little nitric acid and proceed 

solve certain other cy^iides, oxides, sulphides as before. — • But for estimating cyanhydric 

and carbonates (see, for example, Carbonate acid in bitter almond water or cherry laurel wa~ 

of Cobalt). It is used also as a reducing ler, add ammonin water in strong exccM to the 

^ent, as explained under the heading Copper mixture, after the addition of the nitrate of 

Salts. The commercial cyanide, prepared by silver, until the precipitate has all dissolved, 

Liebig's method, always contains some carbon- and ttien immediately add nitric acid to slight 

ate and cyanate of potassium. It precipitates acid reaction. Tlie precipitate thus obtained 

many metals as carbonates, when added to will contnin the whole of the cyanhydric acid 

their solutions. which was present in the original solution, but 

Cyanide of Silver. an^ precipitate thrown down directly from the 

Principle T. Insolubility in water acidu- original solution, or from tl)at solution aiter 

lated wifli nitric acid. acidulation with nitric acid, would contain only 

AppUcaliom. Esttraationof eywihydric acid apai-tof the cyanc^n. _ The addition of the 

in pure aqueous solutions, as well as in bitter ammonia water is an indispensible necessity to 

almond water, cherry laurel water, etc. Sep- success, but, on the other hand, the ammonia 

aration of CN from Na, K, Cu, Sr, Ba, M^, must not be allowed to act for any length of 

Zn, Cd, Mn, Co, Ni, Pb, Cu and Bi; but not time, leat a portion of the cyanogen be lost 

from Hg. Separation of H.CN from AsjO., (Souchay, Zeilsch. analyt. Chem., 1863, 2. 

AsjO,, CrOs, SO,, PA- B A and HFl. Pro- pp. 177, 180). 

cipitation of CN as a preliminary step to its Accoiding to Feldhaus {Zeilsch. analyt. 
separation from CI, Br and I. Estimation of Cktm., 1864, 3. 86), bitter almond water con- 
silver. Separation of Ag from Hg, Cu and Cd. tains, when fi-esh, cyanhydrate of benzalde- 

Methods. The method now in question ia hyde, free benzaldehyde, free cyanhydric acid 
esteemed to be the best, and is indeed almost and cyanide of aiiimonium. But only the last 
Intmns ■' ' 



only direct method of estimating cyano- two of tiiese solutffins are acted upon by a sc 
gen. But tliere are comparatively lew com- lution of nitrate of silver at the ordinary tern- 
pounds of cyanogen from which 'cyanide of perature. In order that the cyanogen of tlie 
silver can be precipitated directly. Hence the cyanhydrate of benzaldehyde may be com- 
necessity of several moiiiflcations of the pro- bined with silver it is necessarj- to decompose 
cess, as will be described. this compound by means of potash or ammo- 
A. Graoimetric. nia. But care must be exercised in doing 
If the substance to be anaiyzed h a solid cy- this, for an exccM cf the alkali must be used of 
anirfeo/ an (i(ta;! meWi pour upon it a solution necessity, since it is a matter of exjer'eice 
of nitrate of silver, and afterwards, water, and that one equivalent of the alkali — or m lee 1 
acidulate slightly with nitric acid. Allow the several equivalents — are insufficient to efte t 
precipitate to settle without warmine the mix- this decomposition; while, on the other hand 
ture, then collect it npon a weighed filter, any long continued action of the alkali would 
wash with hot water and dry at 100°, or collect induce other decompositions, and tend to li 
the precipitate upon an unweighed filter, and miniah the amount of precipitable cyanogen 
instead of di7ing at 100°, ignite it in a porce- hence it has long been customary to add ni 
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APPENDIX TO PART L 



EXAMPLES FOE PRACTICE. 



of roueW; 
be follow 



Examples are here given molK for the sake 
iiehly indicating the method wliieh will 
' ■ ■' : appendix to the finialied 
wort, tlian oli aecouiit of any special merit 
which mny attach to the e^ampl^B themselves. 

Though none of ihese examples can be re- 
gwded 36 spebially difficult, the banner, be- 
fore undertaking either of ihem, will of course 
perform several simpler experiraeiit8,-^u(;h as 
are described in almost any ti'eatiae on quanti- 
tative analysis. See, also, a few simple exam- 
ples on the nejtt page, at the dose of tlie list. 

The following examples are taken fl'oin Part 
I. (pages 1 to 112). ^ The completed vol- 
ume will contain five 8ucb parts. 
Analysis of Marble. 

Grind a quantity of pure white matbla, or 
better, Iceland Spar, to powder^ dry the pow- 
der at 100° and weigh out three portions of it, 
each of about one gramme. 

Place one portion in a beaker covered with 
a watch glass, dissolve it in dilute chlorhjdrie 
acid and determine the cftlciiim by precipita- 
tion, as Carbonate of Calcium. 

In another portion ^timate the Carbonic 
Acid by Johnson's method, see p. 84; and in 
(he third portion estimate the carbonic acid by 
the method of absorption in alkali, see p. 91. 

To control the amount of calcium, weigh 
out a foarth small povtion ^abont 0.3 grm.) of 
th^ original marble, heat it intensely over a 
blast lamp to eipd the carbonic acid, and 
ireigh the oxide of calcium which , is left. 
Agam heat and weigh, and repeat the opei'a- 
tions until the results of tmo successive weigh- 
ings are the same. The amount of calcium in 
the residue is found by the proportion : — 



Valuation of Arsenious Acid. 
Select a sample of arsenious . acid, pur^' 
enough to volatilize completely when heated 
on platiiiuin foil. Weigh out two portions of 
the substance, each oJ about 0.5 grm., and 
estimate the arsenic contdned in tliem, bv the 
methods described under Arseniate of Lead, 
and Arseniate of Magnesium and Ammonium. 

Estimation of Lead. 
Weigh out about one gramme of pure, dry 
nitrate of lead, dissolve it in water and deter- 
mine the lead by the method described under ' 
Carbonate of Lead. 

Analysis of Sulphide of Anlimoiiy. 
Treat about 0.3 grm. of the pure, crystal- 
hzed native sulphide, as directed under An- 
timony Compounds. 

Estimation of Nitric Acid. 
Weigh out about 0.5 grin, of pure, dry 
nitrate of potassium, and proceed as directed 
nnder Arsenious Acid (Method F). 
Estimation of Ammonia, 
Weigh out from 0.6 to 1 grm, of pure chlo^ 
ride oi ammonium, and proceed as directed 
under Ammonia, volatility of (Method A). 
Separation of Zronfro'ii Magnenim. 
Dissolve about 0.2 gi-m; of the finest iron 
wire in chlorhjdrie acid mixed with nitric 
acid. Add to the solution about 0.8 grm. of 
pui-e, recently crystallized Epsom salt, dilute 
tlie mixture and proceed to precipitate the 
iron as Acetate of Iron. Determine magne- 
sium in the filtrate as Phospha'te of Magnesium 
atld Ammonium. 

Separation of Antimony frmn Tm. 
See Antimonv, Method B. 
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Valiialion of Carbonate of Sodmm. 
1- By Alkalimetry, through neut^ali^f^tion. 

2. By fusion with bichromate of potassium, 
see p- 80. 

3. By Rumpf s meUiod, see p- 88. 

Valualion of Acetic Acid. 
Bj' several of the methods described uuder 
tiiSit head. 

Valuation of Bleaching Powder. 
ByPeiiot's method (the chlorine acting upon 
arseniouB acid in an alkaline solution). See 
Arsenions Acid. 

Valuation of Spirit. 

See Alcohol, Principle HI. 

Separatimt of Magnesium from Sodiian. 

Weigh out from 0.3 to 0.4 gem. of pure, dry 

oxide M magnesinra, prepared by igniting the 

oxalate; and about 0.5 erln. of pure, dry 

chloride of sodium. Dissolve the mixture in 

dilute ehlorhjdric acid, and proceed as de- 

Bcrihed under Carbonate of Sfenesium and of 

Ammonium. Determine the Sodium in the 

filtrate as 'Chloride of Sodium. 

Analysis of Organic Compounds. 

A. Prepare a quantity of oxalate of lead, 
by prempitation ; wash it carefullj', dry at 1 00° 
and weigh out ttree portiofis, of about 0.6 
grm. each, lor analysis. Bum one aample 
with o^ide of copper, after Lisbig (see Carbon, 
Principle II. Method 1), snother by Bun sen's 
modification (p. 61) of that procesa, and a 
third with' oxide of copper and oxygen, as 
explained under Method 2. 

Though oxalate of lead contains no hydro- 
gen, the student diould neverlhe}ess weigh the 
(ilorirte ol' '■alciuni tube before and after each 
combustion, in order to gain some idea of the 
errors which may be introduced through the 
absorption of atmoppherje moisture by oxide of 
copper, 

B. Wei^rh out about 0.4 grm. of pure, 
crystallized iartwric acid, which has been pre- 
viously powdered and dried at 100°. Estimate 



jxygen in the tartaric 
Bcid is obtained fi^m the difference. The 
composition of pure tartaric acid is .- — 



Eslimalion of Carbon in Cast Iron. 

See Carbon, Principle I, Methods B and C. 
Separation of Bromine from Chlorine. 

Dissolve about 0.8 grm. of pure bromide of 
potassium, and from 3 to 3 grms. of pure 
chloride of sodium in two or three hundred 
c. c. of water; precipitate with nitrate of 
silver (see Bromide of Silver), and treat por- 
tions of the dry, weighed precipitate as de- 
scribed under Bromide of Silver, Principles 11 
and in. 
Bfiimatkn of Carbonic Acid in Atmospheric Air. 

By Fettenkofer's process, see page 97. 
Estimation of Carbonic Acid in " Soda-water." 

By the method of Fresenius, described on 
page 101. 
Indirect separation of Barium fi-im, Strontium. 



As examples of simpler experiments, fit for al 
lute besinnars, may be mentioned: — 

A. The preoipilntion of Iron, by ammonia, 
byilrated sepquioiide, and its estimntion as fa 
oxide. Aa the stertiag point, welgli out from D.E 
0.4 grm. of fine, tough, iron wire and dissolve It 
pnfe, diluta onlorhydric acid mixed with a si 
qmmtitv of nitric acid. 

B. The estimation of sodium in chloride of 
by adding an excess of pure, diluted eulphi 



aes of sulphu 



grm.) of 

chiorhydrio Roid mid the • 

aud weighing the sulphate < 

0. i::5lJmatIon of chlorine in chloride of sodium, 
bj precIpitBtJQg, with nitrate of Bilver, as chloride of 

D. Estimation of silver In chloride of silver by 
decomposing the latter with pure metallic zinc, in 
presence of dilute sulphuric Hcid, and weighing the 
metallic silver. 
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FINDING LISTS, 

FOR METHODS OF SEPARATING ELEMENTS. 



ALUMIWUM : Separation of from 
As : See MgO, (NHJj O As^Oj, — and Ar- 

seuiomolybdate of Ammoniiua. 
Ba : See Al^Oa, Acetate of. 
Ca : See AljOj, Acet. ; — BaO, COj, — and 

MgO, COa. 
Co : See AljOj, Acet; — Na^O, AljOg ; — 

BaO, CO3, — and CoO, COj. 
P© : See AljOg, Acet. ; — Na^O, Al^O^, — 

and BaO, COj. 
Iii : See AljOj, Acetate of. 
Mg : See AI^Os. Acet.; — NajO, SBjOs 

BaO, CO3, — andMgO.COs- 
Mn: See AI5O3, Acet; — Na^O, AI5O3 

BaO, COj,--and MnO, CO5. 
Hi: See AljO,, Acet.; — Na^O, Al^Oa; 

. BaO.COj, — andNiO, COa. 
P : See BaO, CO3. 
K : See AljOj, Acetate of 
Na ; See AljOs, Acetate of 
Sr : See AI^O^, Acetate of. 
Vr ! See AljO^, Acetate of 
Zn: See AljOg, Aeet., — andBaO, COj. 

[For tho decomposition of refractory aluniin- 
atea see Na^O, AIbOj;— ^^aO, COj, — and 
Na^O, aBjOs], 

AMMOWIUM : Separation of ftom 
All tlie elements : See Ammonia (Prinei- 
plG III) and Ammonium Salts. 

AWTIMONT : Separation of from 
Sb : See SbaO,. 

Aa: See NaaO, Sb^; — MgO, (NH^)^O, 
AsjOj; — Sb, — and As. 



Bi: See Sb^O,. 

Cd : See Sb^O,. 

Co: SeeSbs,Oj; — SbjOa, — andSb. 

Cu: SeeS^Oji — SbjO^,— andSb. 

Au: SeeSb;Os,~and Sb, 

Fe: SeeSbjO^;— SbaOj, — and Sb. 

Pb : See Shfi^ 

Mg : See Sb^O^. 

Mn: SeeSbPi. 

Hg: See SbjO,. 

Ni: SeeSbaO,;— SbjOs, — and Sb. 

K : See HgjO, Sb^O;. 

Ag : See Sb^O^; — Sb^Oj, — and Sb. 

Na : See HgaO, SbjO,. 

S : See SbjO,. 

Sn : See Na^O, Sb^O^, — and Sb. 

Zn : See SbjO^. 

ABSEHIC ; Separation of from 

Al: See MgO, CNH,)20, AsjO^,— and Ar- 
seniomolybdate of Ammonium. 

Sb: See Na^O, SbsO,;_MgO, (NHj)^^ 
AsjOj ; — Sb^Oj ; — Sb ; — As, 

As : See MgO, (NHJ^O, AsjOj, —and AsjOj. 

Ba: See Hg^O, As^O,; — Fe,fi„ AsjOj; — 
K5O. Aa^Os; — UrjOg, AejOj; — As; — 
AsjOj;— A^O,;— BaO, CO^,— and Ar- 
seniomolybdate of Ammonium. 

Bi; See As; — AsjOg, — and Arseniomolyb- 
date of Ammonium. 

Br : See AgBr. 

Cd: See Ag^O, As^O.; — MgO, (NHJ^O, 
AsjOj ; — As ; — As^O^, — and Arsenio- 
molybdate of Ammonium. 
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Ca: See Hg/), A^^O^- — Fp^Og, A=A; — 
K^O. As^; — b%Oa. Af^O^;— ,\s; — 
A-oO,; — B;iO, COj, -and Arseniorao- 
lyli'liKMirAuiaiDiiimii. 

Cv : S;a: AiB^'rilf)iii!ilyb^iatU of Aiiiinoniiim. 

Po: Seci WgO. (Sn4)20, As^Oj; — H^^O, 
AsjO^; — FfjOg, Ap^O, ; — As ; — AsjOs ; 
— BaO, CO2, — and Aiseniouiolybdate of 
AmmOTiiiim. 

Pu! See HjTaO, AsaO,;— AsjOs; — MgO, 
(NHj)sO, AsjO,; — K^O, AsjOs; — As;— 
AsjOj, — and Arseuioiiiolybdate of Ani- 

Fe: SceMgO, (NHJ2O, As^Oj; — AsjOj; — 
K3O, As^Os ; — As ; — aIjOj, — and Ar- 
seniomolybdate of Ammonium. 

Pb: See HgaO, AsaOj; — AsjOj;— As; — 
As^Og,— and Arseniomolybdate of Am- 



Mg: See EgjO, AsjOj; — AsjO,; — UrjOa, 
A&jO,; — As; — AsjOa, — and Araenio- 
moljbdate of Ammonium. 

Mn: SeeMgQ, (NH^f>,AesO^;--Asfi^;— 
FiijOa,' ApA;— KjO, AsjOs; — Aa; — 
AsjO,; — BaO, CO,, — and Araentomo- 
lybdate of Ammonium. 

Hg : See Ae ; — AsgOg, — and Arseniomolyb- 
date of Ammonium. 

H"i! See MgO, (NHJaO, AbjO,; — Hg^O, 
AsjOj;— Fe^Oj, AsjOji — As;— As^Os; 
— BaO, COj, — and Araeniomolybdate 
of AmTHonlum. 

KiSee MgO, (NH^aO, AsA; — H^O^ 
AsjO,; — AsgOs; — I'eaO,, As^Q,; — 
UrjOg, AsjOj, — and Araeni'omolybdate 
of Ammoniuni. 

Ag: See As; — As^Og,— rand Arseniomolyb- 
dato of Ammonium. 

Ha: Sec MgO, (mi;)^0, As^O^;- Hg^O, 
AejO,; — AsjO, ; — Fe^O, AsjO^;— SnO^, 
AbjOj ; — UrjOji AsjO,, — and Arsenio- 
molybdate of Ammoniuni. 

Sr: See Hg^O, AsjOj; — Fe^. AsAi — 
K5O, AsjOj; — UrjOg. AsjO;;- As;— 
AbsO,; — BaO, COj,-— and Arseniomo- 
lybdate of Ammonium. 

S: SeeAsjOa- 

8n; SeeSnOj, AsjOj, — and As. 

TTr: See MgO, (NHJ^O, AsaO^. 

Pn : See MgO, (NH4)jO, AS3O3; — Hg^O, 
AsaOj;^As20,; — FejOs, A^A; — KjO. 
As,0, ; — UrjOs. AsjOj ; — As ; ^ ApjOs ; 



iaO, CO3, — ■ and Arseniomolybdate of 



BARIUM : Separation of from 

Al ; See ALO^, Acetate of 

As; SeeHiTsO, AsAi— A?Ai— Fe'A. 
AS2O5;— KjO.At^O,; — UrjOj. ArjO^;— 
As;— A'^Og;- BaO, CO3, — and Arsen- 
jomolybdale of Ammonium. 

pa : See CO^, — and CaO,COji. 

"C: See C, pp. 69, 79, 80; — and BaO, COj. 

Co: SeeBaO, CO„^and CoO, COj. 

H :" See B.O3. 

Pe: See F'e^O,, Acet.,^and BaO, COa. 

Mg: See BaO, CO,. 

Mn: SeeBaO, COj,- andMnO, COa. 

Hi: See BaO, CO3, — andMO, COg. 

P: See BaO, CO^. 

K : See BaO, CO^, -^ and MgO, CO^. 

Ha : See BaO, CO3. 

Sr: See CO;, — and BaO, COj. 

Zn : See BaO, CO^. 

BISBftrTH : Separation of from 

Sb : See Sb^Oj. 

Aa: See As; — AsjOg, ^and ArseniomolyV 

date of Ammonium. 
Cd: See BiA COj,- and CdO, CO^. 
01 : SeeEi. 

Cu : See BijOj, 00,, — and OuO, CO,. 
Au : See Bi^Og, CO5. 
Pb : Kee Bi. 

Mn: SeeBijOg. COa, — andMnO, CO^. 
Hg! SeeBijOg. CO2. 
Ag: SceBijOg, CO^. 
S : See Bi. 

BOROH : Separation of from 
Most metals other than alkali-metals : See 

Na^O, 2B3O3. — will COj. 
Br : See AgBr. 
K : See MgO, B^Og. 
Ha : 8b« MgO, Bfi,, 

BEQMIHE : Separation of from 

Most metals ; See AgBr. 

As : See AgBr. 

B : See AgBr. 

C: See HgBr; — AgBr; —Br,— and 0, pp. 

G4, 68, 71, 73, 74. 
CI: See AgBr; — KBr: — NaBi-,- andBr. 
Cr : See AgBr. 
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PI: SeeAgBr. 

1: SeeKBr, — andBr. 

P : See AgBr. 

Si : See AgBr. 

8 : See AgBr. 

CADMIUM : Separation of fVom 

8b! See SbjO,. 

As: See Hg^O, As^Oj; — MgO, (KH,)jO, 

AsjOj; — As; — As^Oj, ■ — and Ai-scrio- 

molj'bdate of Ammonium. 
Bi: See BijOs, COj, — and CdO, COj. 
C : See COj. 

Cu: See CdO, 00^, — and CuO, CO3. 
Pb: SeeCdO, CO3, — andPbO, COj. 
Mn : See CdO, COj, — and MnO, COj. 

CALCIUM : Separation of from 

Al : See Alfi^, Acet. ; — BaO, CO,, — and 

MgO, COj, 
Ab: See I^jO, AsjOs; — PftjOs, As^O,; — 

K^O, Aa^O^; — UrjOs- ^0^; — As; 

AsjO,; — BaO, COj, — and Arseniomo- 

lybdate of Ammonium. 
Ba: See COj, — and CaO, CO^. 
C :— See C, pp. 69, 73, 80; ~ CO,, — and 

CaO, COa. 
Co : See CaO, CO^,— and CoO, GO,. 
re : See FejO,, Acet., ^ and BaO, CO3. 
Mg: See CaO, CO^ 
Mn : See CaO, COj,— and MnO, CO^. 
Ifi! See CaO, CO^, — andNiO, OOj. 
P: See BaO. CO3- 
K: See BaO, CO, ; — CaO, CO,, — and 

MgO; 00,. 
Wa: See CaO, CO,. 
Sr: See CO,, —and CaO, CO3. 
Zn: See CaO, CO,. 

CABBON ; Separation of from 

All bases : See CO,, —and C, p. 64. 

Ba: See BaO, CO,, — and C, pp. 69, 79, 80. 

B: See CO,. 

Br : See HgBr; — AgBr; — Br, — and C, pp, 



64, 6 



, 74. 



Cd : See CO,. 

Ca: See CO^;- CaO, CO,,— and C, pp.69, 

79,80. 
CI : See C, pp. 64, 68, 71, 73, 74. 
Cu : See CO,. 
H : See C. 
I : See C, pp. 64, 68, JJ, 73, 74, 



Pe : See C, pp. 57, 58, n, 75, 76. 
Pb : See CO,. 

Mg : See CO,, — and MgO, CO,. 
Ifi : See CO3. 

H : See 0, pp. 63, 68, 71, 73. 
K : See CO^; — ^O, CO3,— and C, pp. 69, 
79, 80. 
, : Sw C, pp. 69, 79, 80. 
Sr : See COj, — and C, pp. 69, 79, 80. 
S : See Ag^O, CO^; and C, pp. 64, 71, 73, 74. 

CHLORINE : Separation of from 

Bi : See Bi. 

Br: See AgBr; — KBr; — NaBr, — and Br. 

C : See C, pp. 64, 68, 71, 73, 74. 

I: SeeKBr, — and Br. 

[For the estimation of chlorine " (ehlorim- 
etrjO"see AsjOj]. 

CHBOMIUM : Separation of &om 
As : Pee Ai-seniomolybdate of Ammonium. 
Br : See AgBr. 
Co : See BaO, CO,. 
Pe : See BaO, CO,. 
Mn : See BaO, CO3. 
Ni : See BaO, CO,. 
Zn : See BaO, CO,. 

[For the decomposition of refrBotory Chro.^ 
mites see BaO, CO^, — and Na^O, B,©^. 

COBALT ; Separation of from 

Al : See AI^Oj, Aeet.; — Na^O, Al^Oj; —■ 

BaO, CO,,- and CoO, CO,. 
Sb : See SbjO.^ ; — Sb,0„ — and Sb. 
As: Sec MgO. CNHj),0, AsjOj; — HgjO, 

A83O5;— FesOj, AsjO^;— As;- AbjO,; 

— BaO, CO,, — and ATsenioraolybdate 

of Ammoninm. 
Ba : See BaO, C0„ — and CoO, CO;^ 
Ca : See CaO, CO,, -^ and CoO. CO3. 
Cr : See BaO, CO,. 

Pe : See FejOg, Acet., — and BaO, CO^. 
Ni : See (CaO, CO,; CoO, CO,). 
Sr : Sec CoO, CO,. 

COIPPER : Separation of from 
Sb : See Sb,Oj;— SbjOa, — and Sb, 
AS : See Hg,0, AsaO,; — AsjO,; — MgO, 
(NHJ2O, As,0„; — KjO, As,05i — As;— 
AS3O3,— and Arseniomolybdate of Am- 

: SeeBijOg. CO,, — and Cu0,C0,. 
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Cd : See CdO, CO^,— and CuO, CO,. 

C : See COj. 

Pb: SeeCuO, CO3, — andPbO, COj. 

Mn : See CuO, CO^, — and MnO, CO^. 

PLUOBINE : Separation of from 

Br : See AgBr. 

GOLD : Separation of from 

Sb: SeeSbjOj, — and Sb. 

Bi: SeeBijOs, COj. 

Pb : See PbO, CO^. 

HTDEOGEN (and Water) : Separa- 
tion of from 

Ba : See Bfi^. 

C ! See C. 

K : See B5O3. 

Wa ! See B^Oj. 

Sr ! See BjOj. 

IODINE : Separation of from 

Br: SeeKBr, — andBr. 

C : See C, pp. 64, 68, 71, 73, 74, 

CI: SeeKBr,— andBr. 

[For the estimation of iodine, see AsjOj]. 

XBOIT : Separation of from 

Al: See AI2O3, Acet.; — BajO, AljOs, — and 
BaO, CO^. 

Sb ! See SbjOji— SbjOa, — and Sb. 

As: See MgO; (NHJjO, A^O^; — ABaO^; 
— K5O, AsjOsi — As; ■— AsjOj, — and 
Arseniomolybdate of Ammonium. 

Ba : See FejOg, Acet., — and BaO, CO2. 

Ca : See Fe^Os, Acet.,— and BaO, CO^. 

C : See 0, pp. 57, 58, 71, 75, 76. 

Cr : See BaO, CO5. 

Co ; See FojO,, Aoet.,— and BaO. COj. 

Fe ; See Fe^Oa, Acet.; — BaO, COa,— and 
MgO, COa. 

Li 1 See FejOj, Acetate of. 

Mg: SeeFejOa, Acet., — and BaO, COj. 

Mn : See Fej^, Acet. ; — FejO,, AgjO, ; — 
FejOj, Benz.;— BaO, COj, — and MnO, 
COj. 

Ni : See Fe_j% Acet.; — FejOj, AsjOj; — 
FejOg, Benz., — and BaO, COj. 

P : See BaO, CO3. 

K : See Fe^Oa, Acetate of. 

Si; SeeNH^O, sBaOs- 

Na ; See Fe^Oj, Acetate of. 

Sr : -See FeA. Aoet., — and BaO, COj. 

TJr : See FcjOj, Acetate of. 



Zn ; See FcOj, Acet ; — RaO, 00^, — and 
IiEAD : Separation of from 

Sb : See SbaOs- 

As : See HgaO, AsaOj; — Asfirj — As; — 
AsjOj, — and Araeniomolybdate of Am- 

Ei : See Bi. 

Cd : See CdO, COa,— and ^^0, COa- 

C : See COa- 

Ca : See CuO, COa,— and FbO, COa- 

Au : See PbO, OOj. 

Mn : See PbO, CO^, — and MnO, COa- ■ 

Hg : See PbO, CO3. 

Ag : See PbO, CO^ 

LITHIUM : Separation of from 
Al : See AljOa, Acetate of. 
Aa : See Fe^Oj, AsjOj, — and ArsenJomoljb- 
date of Ammonium. 
Pb : See FeaOj, Aeetat* of. 
Si : See CaO, CO3, — and BaO, CO^. 

MAGlfESIUM : Separation of from 
Al : See AljO^, Acet. ; — Na^O, 2B2O3 ; — 

BaO, COa, —and ^O' COj. 
Sb : See SbjOj, 
As : See HgaO, A%0,; — As,0,; — UrjO,, 

AsjOj;— Ae;— AsaOa, — and Arsenio^ 

moljbdate of Ammonium. 
Ba : See BaO, COa- 
Ca : See CaO, COj. 
C : See COj,— and MgO, COj. 
Fe : See FeaOj, Acet.,— and BaO, COj. 
Mn : See MgO, CO3. — and MnO, COj. 
K: See MgO, (NHi)aO,A8a 0,; — BaO, 

COj;— MgO, CO3,— and [MgO, 00^; 

CNH4)aO, COa]. 
Ha: See MgO, (NH4)aO, As^Oj, — and 

[MgO, COai (NHj)aO, OO5]. 

MAIfQANESE : Separation of from 

Al : See AI3O5, Acet. ; — Na^O, Al^O, ; — 

BaO, COa. — and MnO, COj. 
Sb I See SbaOj. 
As: SeeMgO, (NH4)aO, AS2O5; — Asa05; — 

FejOg, AS2O5 ; — KjO, AsjO, ; — As; — 

AsaO,;— BaO, 00^, — and Araeniomo- 

Ij'bdate of Ammonium. 
Ba: See BaO, COa, — and MnO, COa- 
Bi : See BiaOg, COa, — and ^"0, COa. 
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Cd : See CdO, 00^, —and MnO, CO^. 

Ca ; See CaO, COj, — and MnO, CO^. 

Cr : See BaO, COj. 

Cu : See CuO, COj,— andMnO, COj. 

Pe : See Fe^Oa^Acet. ; — FejO,- AssO^ ; — 

FesOs, Benz. ; — BaO, CO2, — and 

MnO, COj. 
Pb : See PbO, CO,, —and MnO, CO^. 
Mg : See MgO, COj, — and MnO, COj. 
P : See MnO, CO^. 
Sr : See MnO, CO2. 
Zn : See MnO, CO3. 

MEECTJET : Separation of ftom 

Sb : See Sb^O,. 

As: See As; — AfjOs, — and Arseniomolyb- 

date of Ammonium, 
Bi : See BijO^, COj. 
Pb ! See PbO, COj. 

inCE:E!L : Separation of ftom 

Al : See Al^O,, Acet, ; — Na^O, AI2O3 ; — 

BaO, CO2, — and NiO, COj. 
Sb ! See Sb^O^ ; — Sb^Oj, — and Sb. 
Ab : See MgO, (NHJjO, As^Oj ; — HgjO, 

ASiO,; — FeA. M^Osl — As; — AssOj; 

— BaO, COj, — and Arseniomolybdate 

of Ammonium. 
Ba : See BaO, 00^,— and NiO, CO^. 
Ca : See CaO, 00^, — and NiO, COj. 
C : See COj. 
Or : See BaO, COj, 
Co ; See [CaO, COj; CoO, COJ. 
Fe : See F egO,,, Acet. ; — Fe^O,, As^O^ ; - 

FejOg, Benz., — and BaO, COj. 
Sr: SeeNiO, COa. 

NITBOQEII : Separation of from 
: See C, pp. 63, G8, 71, 73. 

[For a metliod of estimating nitric acid, sei 
As^O^]. 

PHOSPHOBUS ( and Phosphoric 

Acid } : Separation of from 
Al : See BaO, CQ^. 
Ea : See BaO, COj, — and Ag^O, CO,. 
Br : See AgBr. 

Ca : See BaO, CO,, — and AgjO, CO^. 
Pe : See BaO, CO^. 
Mn; SeeMnO, COj. 
K ! See AgjO, CO^. 
Na: See AgjO, CO^ 
Br : See BaO, CO,, — and AgjO, COj. 



POTASSIUM : Separation of from 
Al : See Al^O,, Acetate of. 

See HgjO, Sb^Oj. 
As : See llt%0, (NHJ^O, AsjO, ; — Hg,0, 

AS2O5 ; — AsjO, ; — Fe^Os, AbsO^ ; — 

Ui-jOj, AsjOj, — and Arseniomolybdate 

of Ammonium. 
Ba : See BaO, CO^,— and MgO, CO^. 
B : See MgO, B5O3. 
Ca : See BaO, 00^ ; — CaO, CO,, — and 

MgO, CO5. 
C : See COsJ— K3O, CO^, — and C,pp. 69, 

79, 80. 
H : See B^O^. 
Pe : See Fe^Os, Acetate of. 
Mg: See MgO, (NHJ^O, As^O^ ; — BaO, 

CO,; — MgO, CO2, — and [MgO, CO^; 

(NHj)jO, CO,]. 
Si : See CaO, CO3, — and BaO, CO,. 

[See also Alkalimetry, for the estimation of 
potaasjura, and the separation of EHO froni 
K,0, CO2. 

SILICOTT : Separation of from 

Br : See AgBr. 

Pe : SeeNa^O, 2BjOg. 

Li : See CaO, CO^, —and BaO, COj. 

K: See CaO, CO2, — and BaO, CO,. 

Ha : See CaO, CO,, — and BaO, CO^. 

[For the decomposition of refractory sili- 
cates see B2O3; — Na^O, B,Oa; — BaO, CO,; 
—CaO, CO,,- and K,©, CO,]. 

SILVEB : Separation of ttom 

Sb : See SbjOj; — SbaOj,- and Sb. 
As ; See As; — As^Oj, — and Arseniomolyb- 
date of Ammonium. 
Bi I See BiaOj, CO,, 
Pb : See PbO, CO,. 

SODIUM : Separation of from 

Al : See AI3O,, Acetate of. 

Sb : See ligjO, SbjO^. 

As : See MgO, (NHJjO, As,Oj ; — Hg,0, 
AS3O, ; — aIjO, ; — Fe,Os, As,0j ; — 
SiiO„ AsjOj; — Ur,03, AajO^, — and Ax- 
senioniolybdate of Ammonium. 

Ba : See BaO, CO,. 

B : Sec MgO, BjOj. 

Ca : See CaO, CO^. 

C: See C, pp. 69. 79,80. 

H : See BjOj. 



,y Google 



Fe : See Fe^Os, Acetate of. 

Mg: See MgO, (NH^),0, As.Oj, — and 

[Mgb, CO;; (NH,)^0, COj]. 
Si : See CaO, CO3 ,— and BaO, CO3, 
Sn : See SnOj, As^Os. 

[See also Alkaliraetrj', for the eatimatioii of 
sodium and the separation of KaHt) li'oiii 
Na^O, CO2]. 

STBOHTIUM ; Separation of from 

Al : See AljO^, Acetate of 

As: See HgjO, AsjO^ ; — FeaOs, AsoO^; — 
KjO, AsjOs; — lir^Oa, As^O, ; — As ; — 
AS5O3; — BaO, CO;, — and Arscniomo- 
lybdate of Ammonium. 

Ba : See COj. 

Ca : See CO5, — and CaO, CO^. 

C: SeeCOj, — and C, pp, 69, 79,80. 

Co: SeeCoO, COj. 

H : See BjO,. 

Fe: SeeFeA' Acet., — andBaO.COj. 

Mn : MnO, CO3. 

Ki ; Sw mo, CO^. 

P : See BaO, CO^. 



SULPinjK: 1 

Sb : See Sb^O^. 
As : See AsjOg. 
Bi 1 See Bi. 



1 of from 



Br : See AgBr. 

C : See Ag^O, CO^; and C, pp. 64, 71, 73, 7A 

TIN : Separation of from 
See N%0, Sb^Oj,— and Sb. 
Seo SnOj, AsjOj, — and As. 
See SnO^ Aa^O,. 

URANIUiH: : Separation of from 

Al : See AI5O3, Acetate of. 

As : See MgO, (11114)30, As^O^. 

Fe : See A1,0e, Acetate of 

WATER : See Hydrogen, above. 

ZINC : Separation of from 

Al : See AI^O^, A(;et.,--and BaO, COj. 

Sb : See SbjO,. 

As : See MgO, (NH^jO, As^O^ ; — Hg^O 
Aa^O, ; — AsjOs ; — FeaOa, Aa^Oj ; - 
K3O, AsjOj; — Ur^Os, As^O,; — As;- 
A%0b; — BaO, CO^,— and Ara. 
lybdate of Ammonimn. 

Ba : See BaO, CO^. 

Ca : See CaO, CO3. 

C : See CO3- 

Gr: See BaO, COj. 

Fe : See Fe„Os, Acet., — FejO,, Bejiz.,- 
BaO, COj. 

Mn : See MnO, CO^, 
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FINDING LISTS, 

[UELAT1.0 TO I..KT ■!.] 

FOR METHODS OF SEPARATING ELEMENTS. 



ALUMrNTJM : Separation of from 

Ba : See Na^O, COa- 

Ca : See Na^O, COa- 

Cr : See BaO, CrOg. 

Cu : See Ou. 

Fe : See FeClj. 

Mg : See NajO, CO^. 

Mn : Soe NsjO, COg; ~ CI. 

Hg: SeeHeCl. 

S. : See 2KCI, PtCI«. 

Ag ! Sw AgCl. 

Sr : See NajO, COj. 

Zn: BeeZnO, CO^. 

AMMONIUM : Separation of ftom 

Ba : See 2NH4CI, FtClj. 

Ca ; See 2NH^CI, PtCI,. 

Cr ; See CrOj. 

Li : See 2NH,C1, PtCI,. 

Mg : See 2NH,C1, PtCI,. 

Ag : See AgCI. 

No, : See 2NH,C1, PtClj. 

Sr: See 2NHjCl, PtCl,. 

[For the estimation of NH^, see fiirthe 
NHjCl and 2NHjCl, PtCI^,] 
AMTIMOWY : Separation of from 
Ba: See SbCly 
Ca: SeeSbClg;— CaClj. 
Cr : See CrOj,. 
Co: See SbCls;— CoClj. 
Cu: SeeSbOlj; — CuClj. 
Au: SeeSbCl;. 
Pb: See SbCl,; — PbCV 
Wi: SeeSbClj; — NiCIj. 
Ft : See SbCI,. 



K: See SbClj. 

Ag: See SbClj; — AgCl. 

Wa : See SbCIj. 

Sr: SeeSbCig. 

Zu : See ZnCl^. 

[For the estimation of Sb^Oj see fi 
K2O, aCrOa.] 

ARSENIC : Separation of from 

Ba: See AaCV 

Ca: See AsCl3;4_CaClj. 

CI : See AgCI. 

Cr: SeeCrOg. 

Co : See AsCl, ; — CoClj. 

Cu: See AsC^— CnClj. 

Au : See AsClg. 

Pb: See AsClj;— PbCly 

Ni: See AsClg— NiClj. 

Pt : See AeClg. 

K: SeeAaClg; — 2KC1, PtCIj. 

Ag : See AsClj ; — AgCI. 

Na : See AsClg. 

Sr ; See AsCl,. 

Zu: SeeZnCl^. 

[For the estimation of arsi'nic see fu 
CrOsi — KjO, 2Cr03.] 

BABIUM : Separation of from 
AI : See NaaO, CO^. 
NH^: See aNH^Ci. PtCl^. 
Sb : See SbClg. 
As: See AsCV 
Bi: See BiCIg (basic). 
CI : See HCl. 

Cr: See CrOj; — (UHJjO, CrO;,; — 1 
CrOj; — Na;0, CrOs- 
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Coi.SeeCoCIa;— Co. 


Sb: SeeSbCI,! — CaCV 


Uu : See Ca. 


As: See AsCi„;-CaCla. 


Pb : Sefi CI. 


Ba : vSee Bi^O, CrOj. 


Mn: See CI. 


Bi ; See BiCl, (basic) ; — CaCIj. 


Hg: SeeHgCl; — Hj-CIs; — JSiCV 


CI: See HCI. 


K : See 2KCI, PtClj. 


Cr: See Ci-Og ; — (NH,)^©, CrOj; — CaO, 


Ag: SeeAgCI. 


CrO,;— PTsO, CrOji — Hg^, CrOa; — 


Sr ; See BaO, CrO,. 


NbjO, CrOj. 


Zn: SeeZnO, COa. 


Cot SeeCoClj; — Co. 




■ Cu \ See Cu. 


BISJIUTH ; SeparaHon of from 


Pb : See CI. 


Ba ! Si'e BIG), (basic). 


Mg: SceCaCla; — MgCV 


CI : See BiCI, (basi.,-) ; — Bi^O^, SCrO^. 


Mn : Sec CI. 


Ca : See Bi01„ (basic) ; ~- CaCl^. . 


Hg: SoeCaClj; — HgCl. 


Cr: SeeCrOg. 


Wi : Sec NiCI^. 


Co ! See BiCl, (basit-) ; — CoCl;, 


K : Sec 2KC!, PtCl^. 


Cu: SeeBiClaand BiCIj (basic) ;— CuO^; 


Ag : See AgCl. 


— Cu. 


Sn : See CaCi^. 


Pb: SeeBiCIs; — PbCla. 


Zn: SeeZnO, CO3. 


Mn: See BiCls (basic). 




Hg: See BiClg (basic). 


CABBOn ; Separation of from 


Wi: SeeBiClj (basic) i — XiClj. 


CI: See CaCI^; — CuCl^; — PbClj; — KCl ; 


Pt: SeeaNH^ CI, PtCl^;— 2KC1, PtCl^. 


— ZnCij. 


K: See BiCl„ (basic). 


H: SeeCaCij ;— 2KCl,PtCV 


Ag: SeeBiCl3;-AgCi. 


Pe : See Fed,. 


Ifa: See BiClj (basic). 


K: See2Kd,PtCV 


Sr: SeeBiCIfl (basic). 


K : See KCl. 


Zn: SecBiCl, (basic). 


Na: SeeNajO. CO3; — NaCI. 




Sr: SeeSrO, COj. 


BOEON : Separation of from 


S: See CuO, CrO,. 


CI : See AgCl. 


[For the oxidation of carbon see Chlorates; 


K : See 2KC1, PtCI,. 


— CuO, CrOs; — PbO, CrOj.] 


[For lie separation of Bfi, see fartber 


[For the estimation of C see further 2KC1, 


HCl.] 


PtCl^ ; — CrOj ; of CO^ see further ZnO, 




COo.] 


BROMINE : Separation of from 




CI : See AgCl ; — NaCI ; — CI. 


CHLOEINE : Separation of from 


I: Seed. 


As : See AgCl. 




Ba: See nCl. 


SnCl,;-Cl.] 


Bo: See AgCl. 




Br: See AgCl; — NaCl; — Ci. 


CADMIUM : Separation of from 


Ca : See HCl. 


Bi : See BiCI^ (basic) ; — BLjOa, aCrOj. 


C: SeeCaCIa; — CuCl^— PbCIa — ZnClj. 


Or : See CrO^. 


CI: SeeAgC!;— CI. 


Cu : . See Cu. 


Cr : See AgCl. 


Hg : See HgCl. 


H : See CuCl^ 


Pt : See 2NH^0i, FiCl, ; — 2KC1, PtCI^. 


I: SeeNaCl;— CI. 


Ag ; Soe AgCl. 


Pb : See PbCIj. 




Mg: SecHCl; — HgCV 
Hg : See HgClj. 


CALCIUM : Separation of from 


Ai : See Ha^O, 00^. 


W : See AgCl. 


NU,: See2NH,Cl, PtCl4. 


P : See AgCl. 
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set! fui'ther 
- HgCl ; — 



-BaO, 



- CaU, 



- S«„0 



- Nn„0, 



Pt: SeeHCr; — NaCl. 

K: SeoHCl; — KCl. 

Ag: Sue AgCl. 

Si : See AgCI. 

Ka; See HCl; — SaCl. 

Sr : See HCl. 

S : See AgCl. 

[For thi! estimation of chlor 
Chlorates; — NH,Cl; — CuCl 
KCl; — AgCl; — SnCV] 
CHBOMIUM : Separation of from 
Al: SeeBaO, CrOa. 
H-H, : See CrOg. 
Sb : See CrO,. 
AS : Sec CrO^, 
Ba: See CrO,,; — (NH^^O, CvO^ 

CrOa; — NhjO, CiO„. 
Bi ; See CrO„. 
Cd: SeeGrOs- 
Ca: See CrO,;— (NIl4),0, CvO, 

CrO, ; — PbO, CrOg; — Hg^O, CrO^; — 
MftjO, CrOj. 
Cr: See CrOj-, — (NH'),©, CrO^; — Hg^O, 

Ci-Oj. 
Co: See CrOe; — Ba.(), CiOg ; 

CrOj. 
Cu: SeeCrO,;— Cu. 
An: SeeCrO,. 
Pa : See FeCl, ; — BaO, CvO, ; 

CrOj. 
Pb: See PbClj ; — CrO„. 
Mg: See CrO,;— (NH,)50, CrO,,;- BaO, 
CrOa; — PbO, C.Oa; — ^jO, CrO,,; — 
Na^O, CrOs- 
Mn: SeeCrOsJ— BaO, CrO,;— y%0, CvOa- 
Hg : See CrO^. 

Ni : See CrO, ; — B.iO, Ci'O, ;— N"a,0, CrOj. 
Pb : See CrO,. 
K : See KCl ; — CrO^ ; — (NIIJ.O, CrO, ; — 

HffjO, CrOg. 
Ag; Sue AgCl;— CrOy 
Was SeeNaCU-CrOji- (NHJaO,OrO,; 

— HgjO, CrOa. 
Sr : See Ci-O, ; — (NH4)jO, CrO,, ; — PbO, 
CrO, ; — ^jO, Ci-0, ; — Nn^O, CrO, ; — 
SrO, CrOg. 
8: See CrOs ; — PbO, CrO,. 
Sn : See CrOa- 

Za: See CrO,;- B;iO, CrO„;— Na^O, CrO,. 
[For the eatiniation of ohroiiiitiin see further. 
CrCls ; — CrO, : of CrO„ st»; SnClj,.} 



COBALT: Separation of ftTsm 

Sb : See SbCi^ ; — CoCli,. 

As: See AsCij;— C0CI3. 

Ba: See CoClj; — Co. 

Bi : See BiClj (basic) ; — CoClj. 

Ca : See CoCI^ ; — Co, 

Cr : See CrOj ; —BaO. Ci'O, ; — Na^O, CrO,,. 

Cu: SeeCu. 

Mn; See CoClj-, — W11CI2; — Co; — K3O, 

coballieyaniilo. 
Hg: See C0CI5. 
Wi: Sue CI; — CiiCeobalticyaiiiile;- Hj:^, 

cobalticviiniile; — K^O. eobaltieya.niile. 
Pt: See ■2N'H4CI, PtCl^: — 2KC1, PtCI,. 
K: Sue 2KC1, PtOI,; — OuO, cobiiltiejwiitle; 

— HgjO, eobaltieyaiiiJu. 
Ag : Sue AgCl. 

Sr: SeeSrO, CO2; — C.)Cl2;— Co. 
Sn: SeeCoCla; — SnCi,. 
Zn I See ZnO, cobaitii'vatiide. 

[For the efitimation of uobiilt see further 
CrCi,; — C0CI2; — S11CI3.] 

COPPER ; Separation of from 

Al: SeeCi.. 

Sb: See ShCl^;— CuCl^. 

An: Sue AvCJa;- CaClj. 

Ba: SeeCu. 

Bi: Sou BiClsOiormal and b^siu);— CeiCIj; 

— Cu. 
Cd : See Cu. 
Ca: Suu Cu. 
Cr: SueCrOsl- Cu. 
Co: SeuCu. 
Fe : See Cu. 

Pb: SeePbClaJ-C!; — Cu. 
Mg : Sue Cu. 
Mn; See Cn. 

Hg: SeeCuCl^; — HgCU — H-Clj. 
Ni: SeeCu. 

Pt! Sue 2NH4CI, PtCI,; — 2KC1, PtClj. 
K: SeeiKCI, PtCl,;-Cii. 
Ag : See A-Ci. 
Na : See Cu. 
Sr : See Cu. 
S: S.-eNa.O. CO^. 
Sn: See GuCl,; — SnCij. 
Zn : See Cu. 

[For the cstimatiun of Cu see further 
SuClj.] 

Fur l3iu estiiiialion of Fevricyanliydric aoifl 
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see SnClj; — of !Ferroi;yanhyd)-ic acid sei 
CrOj, 

FLOUEIWE : Separation of from 

CI : Sec AgCL. 

GOLD,: Separation of from 

Sb : See SbClj. 

As: SeeAsCl^. 

Cr : See CrOj. 

Pt : See 2KC1, PtClj. 

Ag ; See AgCl. 

Sn! SueSnClj. 

HYDBOOEIf ; Separation of from 

C :' See CaClj; — 2KC1, PtCI^, 

CX : See CuClj. 

K: See'KCl. 

Na : See NaCl. 

[For methods of ePtniL:\t-n<; w;itev see CaCI^i 
— CoClj; — NsCI.] 

lODISTE : Separation of from 
Br; See CI. 

CI: See A^Ch — NiiCI; — CI. 

[For the estiiiiatioa of Iodine fee farther 
SnClji — CI; — KjO, 2&O3. 

IBOIf ! Separation of from 

Al: SeeFeCij, 

C: SeeFeClj. 

Cr: See FeClj; — BaO, CrO^; — Xu^O, 

CrOj. 
Cu ! See Cu. 
Gl : See FeClj. . 
Mn : See CI- 
P: SeePCV 

Pt: See 2NH,C1, PtClj; — 2KC1. Pi.Cl^. 
K : See 2KC1, PtCl,- 
Ag : See AgCI. 
S: SeeNajO, COj. 

[For the estim.itii.n of iroii see fijvtln;i- 
CuCI; — FeCIj; — SiiCl^; — CrOs; — K^O, 
aCrOj.] 

LEAD : Separation of from 

Sb! See SbCl^; — PbCV 

As: See AsClsi — PbC);. 

Ba : See CI 

Bi: SeeBlCl,;— PbCV 

Bp: SeePbClj. 

Ca : See CI. 

CI: SeePbCl,. 

Cr : See PbCI^; — CrOa 



-AgCl. 



Cu: SeePbCIj;— CI; — Cu. 

I: SecFbClj. 

Mg: Seed. 

Hg: SeePbCLj; — HgCl; — IlgCI^, 

Wi ! See 01. 

U : See PbCl^. 

K : See Cl.- 

Ag: SeePbClji- 

BTa : See CI. 

Sr : See CI. 

Sn : See PbClj ; — SiiCl^. 

Zn : See CI. 

[For the estimation of leiid see fiirflior 
PbClj ; — SnCij.] 

LITHIUM : Separation of from 
WHj : See 2NH,CI, PtClj. 
K : See LiCI ; — 2KCI, i'tCl.,. 
Na : See LiCl. 

MAGNESIUM: Separation of from 
AI : See NajO, COj. 
WH4 : See 2NH,CI, PtCl,. 
Ca: See CaCIj; — MgCV 
01 1 SeeHCl: — tlgClj. 
Cr: See CrOg;— (NH,)50, CrO,; — BaO, 

CrOa; — PbO, CrOa i — HgjO, CrOj; — 

NajO.CrOs. 
Cu : See Cu. 
Pb : See CI. 
Mn: See CI. 
Hg: SeeHgCI; — HgClj. 
Pt: See 2KC1, PtCl,. 
K: See MgClsi — PIgOli; — A-Cl; — 2KCI, 

PtCl^. 
Ag : See AgCi. 

H"a: SeeMsClj;--IIgCI^; — AgCl. 
Sr : See SrO, COj. 
Zn: See ZiiO, COj. 

MANGANESE : Separation of from 
AI: SeeNajO, COj;— CI. 
Ba ! See CI. 
Bi : See BiCIa (basie). 
Ca : See CI. 

Cr : See CrOg ; — BaO. CrOj ; — Na^O, CrO,,. 
Co: See CoClj;— MnCl^; — Co;— Kj;0, 00- 

balticjanide. 
Cu: See C.i. 
Fe : See CI. 
Mg : See 01. 

Ni: SeeMnCL,;~NiClj;— f'l. 
Pt: See2NI-I^Cl, PtCI.; — 2KC1, PtCI,. 
K : See CI. 
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Ag ; See AgCL 

Ha: Sse CI. 

8r: See Si-0, 00^; — CI. 

Zn: See ZnO. CO^;— CI. 

[For the valuation of MnOj see furfher 
HgCl; — SiiCIj;— CI] 
MERCURY : Separation of from 
Al: SeeHgCl 
Ba: See%CI; — llgCls- 
Bi : See BiCI, (basic). 
Cd : See HgCI. 
Ca: See CaClj;— HgCl. 
01 : Sue HgCI^. 
Cr: SeePbCl,; — CrOj. 
Co ! See CoClj. 

Cu: See CuClj; — HgCl; — HgCL,. 
Pb: SeePbClj;— %C1; — HgClj. 
Mg: SeeHgCl; — I^Cij. 
Ni: SeeNiCV 

Pt; See aNHjCl, PtClji — iKCl, PtCI,. 
K! SctjHgCl; — HgClj. 
Ag: SeeHgClj;— AgCl. 
Was SeeHgCl; — HgCV 
Sr: BeeHgCl; — HgCV 
Zn: S«eZnC!j. 

[For fte estimation of niercury see further 
H-Cl; — HgCI^; — SnCy 
NICKEL! Separation of from 
Sb: SeeSbClj; — NiClj. 
A3! So« AiCL,; — NiCLj. 
Ba: SeeNiCl. 

Bi: See BICI3 (basic); — NiCL 
Ca: SeeNiCV 

Cr : See CrOg ; — BaO, CrOj ; — Na,0, CrOj. 
Co : See CI ;— CuO. eobaltkyanide ;— Hg^O, 

cobalt ic-yanide i — KjO, cobalticyaiiide. 
Cu: SeeCu. 
Pb : See CI. 

Mn: SeeMnClj; — NiClj,; — CI. 
Hg : See MClj. 

Pt: See 2NHj01, PtCi,;- 2KCi, PtCI^. 
K : See 2KCI, PtCl,. 
Ag: See AgCl. 
Sr: See SrO, COji — NiCl^. 
Sn: SeeNiClj; — SnCU. 

[For the estimation of nickel see further 
NiClj;- SnCy 

KITEOGEW : Separation of from 
CI: See AgCl. 
C : Sec 2KC1, PtCL. 



[For the estimation of nitrous acid se 
CrOa,] 

PHOSPHORUS : Separation of from 
CI: See A^Cl. 
Cu : See Cu, 
Fe : See PCi,. 
K : See 2KC1, PtCI,. 
Ag : See AgCl. 

PA : (eatimatioci) See PbO, CrO,. 

PLATIHUU : Separation of from 
Sb: SeeSbClj. 
As ; See AsClj. 
Bi: See 2NHjCl, PtCi^;- 
Cd: See BNH^Cl, PtCl^; 
CI : See HCl ; — NaCl. 
Cr: See CrOj. 
Co: See 2NH,CI, PlCI, ; 
Cu: See 2NH4CI, PtClj; 
Au: See 2KCI, PtCl4. 
Fe : See aNH^Cl, PtCl, ; 
Mg ! See 2KC1. PtCI^. 
Mn : Sec 2NH(C1, PtCI, 
Hg : See 2SH,C1. PtCI^ 
Ni : See 2NH4C!, PtCI, ; 
Ag : See A^Cl. 
Sn ! See SnCl,. 
Urs'See 2NH4Cl,PtCli; 
Zn: See 2NH1CI, PtCl^i 
[For the estimation of 
2SI-I,C1, PtCl^;- 2KC1, 



- 2KCI, PtCl,. 

- 2KCI, FtCl,. - 



- 2KCh PtCl^. 
-2KC1, PtCI^. 



— 2KCI, PtCl^. 
-2KC1, PtClj. 
-2KC1, PtCI,. 



2KG1, PtCV 
2KC1, PtCl^. 
see further PtClj ; 
PtCI,.] 

POTASSIUM ; Separation of from 

Al : See 2KCI, PtCI,. 

Sb: See SbCI,. 

As : See AsCI, ; — 2KCI, PtCl^. 

Ba ! See 2KC1, PtCI,. 

Bi: SeeBiCl3(baeie). 

Bo: See 2KC1, PtCI,. 

Ca: See 2KCi, PtCli. 

C : See KCl. 

CI : See HCl ; — KCl. 

Cr: See KCl ;--Cr03; — (Nn,)jO, CrOj; 

— HgjO, CrO,. 
Co: See BKCl, PtCi,; — CnO. eobaltioja- 

uide ; — HirjO. cobalticyanidc, 
Cu: See 2KCI, PtCl^; — Cu. 
H: See KCl. 
Fe ! See 2KC1, PtCI,. 
Pb; Seed. 
Li: SeeLiCl; — 2KCI, PtCI,. 
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